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Chapter 1

Introduction

Nowadays, the Switched-Mode Power Supply (SMPS) plays an important
role in the consumer power market. With its small size, it can be found everywhere
from mobile phone chargers to Plasma TVs. It is used to convert the electricity
from one voltage/current to the other voltage/current. For a simple example, a
mobile phone charger converts the electricity from the plug with around 220VAC
(in Europe) to 9VDC to supply the mobile phone.

Typically, the SMPS solution consists of several electronic components: a
switching controller, a power MOSFET !, a transformer, diodes, resistors,
capacitors and inductors. In order to obtain the complete SMPS design, a long list
of calculations has to be done in order to figure out the appropriate value for all
electronic components.

Since the introduction of the Information Systems, hand calculations have
been replaced by computer programs. However, those programs have just merely
helped users reduce the calculation time and mistakes that could easily occur in
hand calculations e.g. FlyCal2 Calculation Software. In addition, some programs
provide possibility to find the appropriate product from the given input parameters
or to give a partial SMPS solution e.g. CCS? Calculation Software, FPS™ SMPS
Toolkit* from Fairchild Semiconductor or PI Expert™? from Power Integrations.

Moreover, there are several modes and electronic network topologies giving
different waveform characteristics for various applications. It is very complicated
for non-expert users to understand all variables as well as to figure out which mode
of which topology is appropriate for their applications. The different modes within
the same topology result in minor calculation differences. On the other hand,
different topologies result in major calculation differences.

Currently, if customers would like to have a complete SMPS design, they
have to contact experts in the company. It takes sometime for customers to get
designs. If we consider supporting the mass market in which there are lots of non-

1 Metal-Oxide-Semiconductor Field-Effect Transistor

2 an Excel based program used to calculate SMPS solution in Discontinuous Conduction Mode of the Flyback

topology using Infineon products

3 a Visual Basic based program used to find the appropriate Infineon CoolSET product for the given input
parameters

4 3 Macromedia Flash based program providing step-by-step design of a fixed frequency flyback offline power
supply and a quasi-resonant converter

5 an interactive program that takes a user's power supply specifications and automatically determines the critical

components (including transformer specs) needed to generate a working switch mode power supply.
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expert customers but they want to buy only low amount of chips, the support cost
would be very expensive and therefore not feasible. On the other hand, low
responsiveness due to insufficient support staffs may lead to loss of business
opportunities.

Optimization has become an interesting issue in industries so far. It has
been applied in various processes in order to minimize the cost and maximize the
profit. Thus, the SMPS design should be optimized to meet the customer
requirements at the minimal cost. Normally, the optimization is done by experts in
the company. Considering the long list of calculations, it is infeasible to manually
try many combinations of electronic components. Thus, the proposed design might
not be the most optimal one.

1.1 Objectives

To analyze the problem of choosing optimal electronic components in SMPS
applications and design an appropriate object model. The object model has to be
extensible and descriptive enough to be reused in the future. The optimization
approach should be chosen to fit the scenario. User interfaces have to be
implemented in order to prove the usability of the system.

1.2 Infineon Technologies AG

Infineon Technologies AG was founded in April 1999, when the
semiconductor operations of parent company, Siemens AG, were spun off to form a
separate legal entity. Today, Infineon has about 36,400 employees worldwide, 7.400
of them involved in research and development. In fiscal year 2005, the company
achieved sales of 6.76 billion euros. The EBIT® came to 183 million euros?.

Infineon designs, develops, manufactures and markets a broad range of
semiconductors and complete system solutions used in a wide variety of
microelectronic applications, including computer systems, telecommunications
systems, consumer goods, automotive products, industrial automation and control
systems, and chip card applications. Infineon Products include standard commodity
components, full-custom devices, semi-custom devices, and application-specific
components for memory, analog, digital, and mixed-signal applications. With a
global presence, Infineon operates through its subsidiaries in the US from San Jose,
California, in the Asia-Pacific region from Singapore and in Japan from Tokyo.

In financial year 2005, Infineon business is organized into three principal
operating segments serving various markets in the semiconductor industry:

e Automotive, Industrial and Multimarket segment designs, develops,

manufactures and markets semiconductors and complete system
solutions for use in automotive, industrial and multimarket applications.

6 Earnings Before Interest and Tax

7 Infineon Internet source: http://www.infineon.com/cgi-bin/ifx/portal/ep/channelView.do?channelld=-
65721&channelPage=%2Fep%2Fchannel%2FinformationPage.jsp&pageTypeld=17224
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e Communication segment designs, develops, manufactures and markets a
wide range of ICs, other semiconductors and complete system solutions
for wireline and wireless communication applications.

e Memory products segment designs, develops, manufactures and markets
semiconductor memory products with various packaging and
configuration options and performance characteristics for standard,
specialty and embedded memory applications.

1.3 Structure of this Thesis

This thesis consists of eight chapters and two appendixes. The second
chapter describes fundamental of SMPS applications. However, the complete
design procedure with examples is shown in the appendix B. The third chapter is
dedicated for major related technologies which support the development of this
project. The fourth chapter explains which optimization strategy is applicable and
why it is suitable to use the certain approach. The fifth chapter describes about the
system design while the XML Schema is shown in appendix A. The sixth chapter
provides database table schemas as well as stored procedures declaration. The
seventh chapter shows implementations which are results of this project. Finally,
the last chapter concludes the whole project.






Chapter 2

Switched-Mode Power Supply

Nowadays, it can hardly imagine the lifestyle without the provision and
processing activities which use electrical energy, and its supply. A host of devices
in everyday use are operated either directly from the mains power grid, from the
vehicle power supply in an automobile or using accumulators. The electronic
circuits in modern devices In entertainment, data processing or industrial
electronics are mostly supplied with direct voltages from 12 V down to below 1 V.
To be able to operate these devices from the common alternating voltage mains
network, or to change up the internal accumulators, a power supply is required.

Conventional power supply consists of a mains transformer for voltage
reduction and galvanic isolation from the mains, a rectifier for producing a direct
voltage and a bulk capacitor for voltage smoothing as shown in figure 2.1.

220V Transformer Unregulated
alternating voltage Isolation from mains direct voltage

»> D

Figure 2.1: Conventional power supply without stabilization

Transformer Liner voltage regulator
Isolation from mains

> >

v

58

|
I
|
|
Regulated
direct voltage

Figure 2.2: Conventional power supply with stabilization of the output voltage
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A stabilized current or voltage supply, which is independent of fluctuations
in the input voltage and load, is achieved by means of a stabilization section.
Stabilization circuits generally have considerable losses, and call for a
correspondingly large mains transformer as shown in figure 2.2. This increases the
total losses, and causes heating of the device. In total, this results in an
unsatisfactory efficiency, because when a mains overvoltage occurs the linear
voltage regulator must absorb the entire power difference.

To an increasing extent, these conventional power packs are being
superseded by so-called switched-mode power supplies. These have the following
advantages:

e Jlower volume and weight, due to a smaller transformer and smaller

capacitors

e Dbetter efficiencies, and hence less heating

e lower losses in standby mode

e the possibility of operating the power supply over a wide input voltage

range (85- 245 V)
e electronic safety functions for fault situations, such as short circuits

In the age of globally marketed electronic devices, the wide possible input
voltage range of these power supplies is especially necessary. As an example, a
device developed in Germany may be sold and operated in countries with a 110 V
mains power supply (including the USA, Japan) or in Europe or Asia (220 V mains
power supply).

Ever more electronic devices are no longer disconnected from the mains by a
mains switch when they are not in use (TVs, video recorders, PCs, chargers etc.).
Instead, the devices are put into a standby mode, and thus consume unnecessary
energy. There is thus an increasing demand for the power consumption in standby
mode to be reduced, which has now become very efficiently feasible, using
switched-mode power supplies.

2.1 Basic principle of the switched-mode power supplies

Switched-mode power supplies (SMPSs) are power supplies which chop the
rectified and filtered mains voltage at a frequency which is significantly higher
than the 50 Hz of the mains alternating current as shown in figure 2.3. By using
the semiconductors exclusively as switches, only switching and forward losses arise.
This is responsible for the characteristically high efficiency of a pulsed power
supply by comparison with analog methods. Regulation is effected either by
altering the pulse duty factor at a constant frequency, or by changing the frequency
for a fixed or variable pulse duty factor. The voltage chopped in this way can be
transformed to any other required voltage, and rectified. The frequency of this
alternating voltage, which may be rectangular, trapezoidal or sometimes even
sinusoidal, lies in a range from a kHz up to several 100 kHz. As a consequence of
this high working frequency, smaller transformers with ferrite cores can be used.
The ferrite core transformer serves not only to make the required voltage
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conversion and provide galvanic isolation from the mains supply but also,
depending on its working principle, to store the magnetic energy.

Input voltage Transformer Rectification Stabilized
Isolation from mains output voltage

f=20-250 kHz

Control IC with | | | |

integrated MOSFET

Control amplifier

Optical coupler

AxY —

Control voltage

Figure 2.3: Block diagram of a switched-mode power supply

With SMPSs, the pulsing results in harmonic waves, which can cause
radiated interference to radio and TV reception, as well as to communication
transmissions. Legislation demands a limit on the interference signal levels for all
electrical devices and systems which produce high frequency energy.

An SMPS which is powered from the alternating voltage mains and which
supplies a DC voltage at its output is also called an AC-DC converter. If a direct
current source (e.g. an AC-DC converter, or a battery) is connected to the input,
then we speak of a DC-DC converter, or a switching regulator. If the voltage is not
rectified at the output, the device is a DC-AC converter or inverter. If the SMPS is
supplied from the mains, and there is no rectification on the output side, we have
an AC-AC converter, i.e. an alternating current converter.

The main application fields for SMPSs are:

e Consumer electronics: TVs, DVD players, video recorders, set top boxes,

satellite receivers, chargers and external power supply units.

e Electronic DP: PCs, servers, monitors, notebooks

o Telecommunications: mobile communication base stations, switching

stations, mobile phone chargers

e Industrial electronics: open and closed loop control engineering,

measuring instruments, auxiliary power supplies, battery chargers etc.
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2.2 Switched-mode power supply topologies

The working principle of an SMPS essentially determines its characteristics
and production cost. The basic circuits of the most frequently used AC/DC and
DC/DC converters will now be described. A basic distinction is made between two
different conversion principles: the feed forward converter and the flyback
converter as shown in figure 2.4.

Converters clocked SMPS with
on secondary side single-phase
forward converter

SMPS with

forward converter
Switched-mode SMPS with

power supplies push-pull
forward converter

SMPS clocked on SMPS with SMPS with
primary side flyback converter single-phase
flyback converter

Figure 2.4: Overview of switched-mode power supplies [IFX04]

The name feed forward converter 1is explained by the response
characteristics of the arrangement, with which an energy flow arises between the
primary circuit and the secondary circuit during the semiconductor’s blocking
phase. On the primary side, the load current is superimposed on the magnetizing
current. For this reason, conditions must be created to allow the transformer to be
demagnetized again. With a single-phase feed forward converter this occurs during
the semiconductor switch’s conducting phase. With push-pull and bridge circuits,
the conducting phase of one semiconductor switch is followed, after a short blocking
phase for both semiconductor switches, by the conducting phase for the second.
With a flyback converter, energy is accumulated in the converter during the
conducting phase of the semiconductor switch, and is then given up on the
secondary side during the blocking phase.

2.2.1 The feed forward converter

Figure 2.5 shows the circuit diagram of a single-phase feed forward
converter. On its input side, this converter has a smoothing capacitor Cin. This
performs the functions of smoothing the rectified mains voltage, providing a low-
inductance supply of the pulsed currents required by the converter, and absorbing
the magnetizing current which is fed back from the transformer. The transformer
of the feed forward converter has a ferrite core with no airgap in order to achieve a
high magnetic coupling of the windings. The primary winding is connected to the
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input voltage by a switching transistor. When the transistor is conducting, an
induced voltage arises in the secondary winding with a rectangular waveform and
magnitude corresponding to the transformation ratio, which produces a current
flow in the secondary winding through the rectifier diode D: and the smoothing
choke Lout on the output side as shown in figure 2.5b and 2.5¢ with time period Ton.

hak 4

t——— Tp

“Un T -
= = = Yollage acress primary winding —_— moothi
= Current through primary winding Voltage amhs ".'g Choke
s Magneﬂnng current — CUITBITl 1hl'0Ug sn'IOOthlng dmka

Figure 2.5: Single-phase feed forward converter [IFX04]
a) circuit diagram, b) and c) response characteristics in steady-state operation

The current in the secondary winding induces a current in the primary
winding corresponding to the transformation ratio. In addition to this load current,
superimposed on it in the primary winding is the so-called magnetizing current.
The magnetizing current must be allowed to decay during the transistor’s blocking
phase. This is affected by a demagnetization winding, which serves as a third
transformer winding. It has the same number of turns as the primary winding, but
with a smaller conductor cross-section because only the magnetizing current flows
through this winding, during the transistor’s blocking phase. Compared to the
primary and secondary windings, the demagnetization winding has reversed
polarity, indicated in the circuit diagram by the dots at the start of each winding.
The demagnetization winding is connected directly to the input voltage, via a diode
Ds.

During the transistor’s conducting phase, the same voltage is induced in the
demagnetization winding as there is in the primary winding, so that twice the
input voltage arises at the diode Ds, in its blocked direction. During the transistor’s
blocking phase, the energy which has been built up in the transformer core as a
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result of the magnetizing current must be released again, so that the magnetizing
current does not grow arbitrarily large and the ferrite core does not reach magnetic
saturation. For this reason, a freewheeling diode D2 is provided in the secondary
circuit, through which the current flows on through the smoothing choke Lour
when the voltage in the secondary winding drops to zero or goes negative. During
this phase of operation, the diode D: decouples the current loop on the secondary
side from the transformer. This allows the polarity in the windings to reverse.

The magnetizing current now flows back through the diode D3 and the
demagnetization winding into the smoothing capacitor on the input side. As a
result, twice the input voltage is now applied to the transistor as the blocking
voltage. The demagnetization of the transformer is assured if the voltage/time area,
that is the area enclosed under the voltage in the primary winding along the time
axis for the duration of the demagnetization, is at least equal to the corresponding
area for the switched-on state. For this reason, the duration of the on-state for a
single-phase feed forward converter may not amount to more than 50% of the cycle
duration.

The purpose of the smoothing choke Lour is to generate a steady energy flow
from the current or voltage signal, as appropriate, which arises across the
secondary winding of the transformer during the switched-on period Ton, and to
limit the current rise in the transformer. The smoothing capacitor Cour at the
output smoothes the current ripple from the choke, and acts as an energy store
during load changes. The response characteristics of the feed forward converter are
described by the following formula:

nl Ton

—y. .
"o, T

U ouT

n1 number of turns in primary winding,
nz number of turns in secondary winding.

2.2.2 The flyback converter

These converters also have a smoothing capacitor Cix on the input side, with
the functions of smoothing the rectified mains voltage, and providing a low-
inductance supply of the pulsed currents required by the converter. Unlike the
single-phase feed forward converter, here the magnetizing current is not fed back
to the input capacitor, but to the smoothing capacitor Cour on the output side as
shown in figure 2.6.

In its basic form, the flyback converter has two windings, with opposite
polarization. When the switching transistor T: is switched on, the anode-cathode
voltage for the rectifier diode D1 is negative, i.e. no current flows in the secondary
winding of the transformer. The magnetizing current flows in the primary winding.
In a flyback converter, a ferrite core is used which has an air gap, as a result of
which a considerably larger inductive current flows and this establishes a magnetic
field in the air gap. In addition, when the transistor is switched on magnetic energy
1s stored in the transformer of the flyback converter (predominantly in the air gap).
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When the transistor is blocked, the voltage across the windings reverses.
The voltage across the secondary winding rises until the rectifier diode D1 becomes
conducting, i.e. at the value of the output voltage Uour. Because the magnetic flux
in the transformer is steadily changing, at the point in time when the transistor is
blocked a current, corresponding to the primary current transformed by the
transformation ratio, will flow in the secondary winding. For this reason, the
rectifier diode D:1 must feed directly to a capacitor Cour which is capable of
accepting the high current.

-
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Figure 2.6: Flyback converter [IFX04]
a) circuit diagram, b) and c) response characteristics in steady-state operation

During the time the transistor is switched off, the blocking voltage applied
to it will be the input voltage, plus the output voltage transformed in accordance
with the transformation ratio. With the standard dimensioning, this represents
somewhat more than twice the input voltage. We now distinguish between forward
converters with a trapezoidal current waveform in the transformer, and those with
a triangular current waveform. With the trapezoidal waveform as shown in figure
2.6b and 2.6¢, the transistor is switched on again at a point in time which is before
the current in the secondary winding reaches zero. An important characteristic of
this form of operation is that the maximum values which occur for the current are,
relative to the output current, significantly lower than when operated with a
triangular current waveform.

The response characteristic for a trapezoidal current waveform is
represented by the formula:



Chapter 2 — Switched-Mode Power Supply

From this it will be seen that the output voltage Uour changes if the pulse
duty ratio Ton / T is altered. However, the relationship between the output voltage
and the pulse duty ratio is not linear, but hyperbolic. This means that the output
voltage will become infinitely large if the pulse duty ratio approaches close to 1. For
this reason, flyback converters must not be operated without a load resistance or a
closed control loop, because the output voltage, and with it also the blocking
voltage for the transistor, can assume high values.

2.3 Switched-mode power supplies with several output
voltages

With a switched mode power supply which has several output voltages, one
of these voltages must be chosen to provide the controlled variable, as a
consequence of which this will be the best regulated voltage. The regulation of the
other voltages will be less exact. For this reason, it may be necessary to stabilize
them by means of longitudinal regulators or pulsed secondary regulators. The last
named switching regulators represent converters with a secondary clock pulse
control.

2.4 Selection criteria for switched-mode power supplies

Table 3.1 provides a comparison of feed forward and flyback converters,
Table 3.2 shows the powers which can be achieved by the different types of
converter.

Table 3.1: Comparison of feed forward and flyback converters [TFX04
Feed forward Flyback
converter converter
Number of components required Greater Fewer
Smoothing choke and freewheeling diode Required Not applicable
Transformer core Without air gap With air gap
Magnetic coupling during switching processes | Better Worse
Voltage excess during switching processes Smaller Larger
Susceptibility to influence of magnetic fields |Smaller Larger
Current amplitudes relative to load current |Significantly smaller |Substantially larger
Pulsed current loading of components Smaller Larger
Interference suppression and smoothing of Simpler More expensive
input and output quantities depending on
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Feed forward
converter

Flyback

converter

interference modes

Energy flow controlled by changing the pulse
duty ratio by

Varying the voltage /
time integral

Storing variable
proportions of energy

Creation of several strictly regulated Possible to a limited | Easily possible
secondary DC voltages at the same time, by |extent (choke current
adding further secondary circuits must be continuous)
Regulation dynamics of output quantities Slower (due to choke |Faster
smoothing)
Table 3.2: Power ranges for the various converter types [IFX04]
Power (W) <100 100...300 | 300...1000 | 1000...3000 > 3000
Single-phase flyback y y
converter
Single-phase feed
X X
forward converter
Half-bridge converter X X
Full-bridge converter X X X
Push-pull converter X X X X

2.5 Power factor

The power factor is the technical term for the ratio of the real power to the
complex power, and takes a value between 0 and 1. The power factor is therefore
defined as the cosine of the phase difference between a sinusoidal voltage and the
associated current waveform, i.e. PF = cos (@ui) if the system only contains linear
loads. With a purely ohmic load, e.g. an incandescent lamp or a radiator element,
the voltage and current are in phase, and thus the power factor is 1. With an
inductive load (e.g. an asynchronous motor) or a capacitive load, there is a phase
shift and the power factor is < 1 as shown in figure 2.7.

t

¢ < 0 => capacitive
@ > 0 => inductive
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Figure 2.7: Sinusoidal alternating current with examples of inductive and capacitive
currents [IFX04]
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However, a power supply unit with an input rectifier and a downstream
smoothing capacitor (figure 2.8) represents a non-linear load. The current which
flows is pulsed, and is in phase with the input voltage provided that this input
voltage is greater than the voltage across the smoothing capacitor.

—»
A & b
—/ Ohmic load

Figure 2.8: Current and voltage waveforms for a typical
power supply input circuit [IFX04]

The current flow is indeed broadly in phase with the input voltage, but the
spectral distribution shows a strong harmonic content. Apart from the fundamental
wave, therefore, the current also has components with frequencies which are an
integral multiple of the fundamental wave. These deviations from a sinusoidal
current are referred to as the THD (total harmonic distortion):

12 —12
THD= RMS 1

2
1RMS

I; = Effective value of the fundamental oscillation
Irus = Effective value of the total current

For a purely sinusoidal current, THD = 0. The greater the deviation is from
the sinusoidal shape, the larger is the THD. The power factor (PF) is then
determined, taking account of the non-linear components, as:
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where @; = phase shift between the input voltage and the fundamental
current wave.

From this it can be seen that if there is strong distortion of the current the
power factor will be < 1. Typical values for switched mode power supplies lie
around PF = 0.6 ... 0.7. An example of a practical implication of the high THD
value is that considerable transient currents flow in the house wiring, requiring
wires with a larger cross-section. In general, the effect of a lower power factor is
that power stations must make available a considerable reactive power, which is
practically unused in the load. As a result, power stations cannot be operated
optimally, imposing additional loads on the environment.

PFC (Power Factor Correction) circuits represent a solution to this problem,
making a power factor of virtually 1 possible in the ideal situation. In 2001 the
norm EN-61000-3-2 (IEC 1000-3-2), on limiting values for harmonic currents in the
mains power supply, was introduced. According to this, devices such as TVs,
monitors and PCs with a power consumption of > 75 W must adhere to certain
limiting values for harmonics. All fluorescent lamps are covered by the norm. A
similar standard applies in Japan, so far in the USA only fluorescent lamps are
subject to a PFC condition.

2.6 Circuit principles for the PFC stages

Passive PFC stages: the simplest solution, and generally the least expensive,
consists in inserting an appropriately sized iron-cored choke before the input
rectifier of the power supply unit. In this way, power factor values of < 0.9 can be
achieved and harmonic amplitudes which lie just beneath the limiting values as
shown in figure 2.9.
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Figure 2.9: Amplitudes of the harmonics (left) and current or voltage waveform for a choke
PFC solution [IFX04]

The disadvantages of this solution are the high weight and volume of the
PFC choke, while the sensible power limit is at < 200 W. A similar quality is
achieved by using a so-called charge pump as shown in figure 2.10.
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Figure 2.10: Charge pump PFC circuit [IFX04]

The choke sits behind the rectifier, and is exposed to the pulse frequency of
the switched mode power supply, so that a ferrite-cored choke can be used which
has significantly smaller dimensions than for an iron-cored choke. The power limit
lies at about 250 W. Consequently, this solution is very well suited to applications
which must satisfy the standard but for which an optimal power factor correction is
not being sought. The additional weight and volume are small. Typical applications
are power supplies in TVs or adapters.
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Figure 2.11: Schematic design of a boost converter for PFC operation [IFX04]

Active PFC stages: a power factor of almost 1 can be achieved using active
PFC circuits. By comparison with the passive solutions, optimal power factor
correction and a reduction in the harmonic content are achieve over a significantly
wider range of input voltages and loads, combined with a higher efficiency. To the
mains supply, the circuit ought to appear as an ohmic load. Weight and volume are
similar to that of a charge pump circuit that is significantly more favorable than
the iron choke solution. The active PFC circuits are connected upstream of the
switched mode power supply. Basically, three topologies are used: boost converter,
flyback converter and buck/boost converter. However, the most-used principle is
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the boost converter (figure 2.11), which converts a sinusoidal input voltage into a
direct voltage output, with a value greater than the peak value of the sine-wave
voltage.

This constant high input voltage to the following switched mode power
supply has the advantage that the switching transistor and the input capacitor can
be made smaller than in the case of a power supply for a wide range of input
voltages which does not have a PFC boost converter. In general, the input capacitor
for the converter is completely omitted, because the output capacitor Cour can, as
shown in figure 2.11, completely replace it. The drive is either free-running, i.e.
with a variable pulse frequency, or at a fixed pulse frequency. With a free-running
PFC converter, within each pulse period the boost converter choke L is first
magnetized and then is always fully demagnetized. This is shown by the fact that
the choke current in(t) at the end of a pulse period has returned to 0 again.
Immediately after this, a new pulse period begins, with another magnetization of
the choke. The result is that a triangular current waveform in(t) arises. The
converter is thus operated right up to the point of discontinuity in the choke
current, so that this mode of operation is also called discontinuous conduction mode
(figure 2.12).
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Figure 2.12: Schematic Current waveform for free-running operation [IFX04]

The time trace of the choke current over one pulse period can be described
in accordance with the law of induction as:
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Here, Io is the final value of the choke current which is reached during the
magnetization period up to the time Ton, 1.e. Io = uin(t) - Ton /L. As the duration of a
pulse period, Tp, is much smaller than that of a mains supply cycle, i.e. Tp << TMains,
one may assume as a first approximation that within any one pulse period the
values of the voltages and currents are constant. Taken with (1) this gives the
mean value of the choke current as:

1

— p
(1) = TL J. i (Hdt =
p

0

konst - u; (1)

Hence, within a pulse period T}, the mean current iL(t) through the choke,
which is also the input current, depends linearly on the instantaneous value of the
input voltage uin(t). A prerequisite for this is, however, that the time Ton for which
the MOSFET T is switched on is correspondingly constant. If one now puts an
infinite number of pulse periods one after another, one gets a continuous current
flow which is proportional to the input voltage.

If a PFC converter is driven using a fixed frequency, the boost converter
choke 1s never fully demagnetized or discharged, i.e. the transistor switches into
the next pulse period while there is still a choke current ir(t) flowing. The choke
current is therefore trapezoidal in form and has a significant ripple. Operation in
this manner with no breaks in the current is also referred to as continuous
conduction mode (figure 2.13).
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Figure 2.13: Current waveform for fixed-frequency operation [IFX04]

In contrast to the free-running PFC concept, the current between ground
and the negative connection on the bridge rectifier is measured via the resistance
Rscem, and is shown in figure 2.13. This measures the entire choke current. This
signal is smoothed and multiplied by a signal which corresponds to the
Instantaneous value of the input voltage. The set value for the pulse width
modulator is thus
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i) = Iyg - ky-uy, (D) = konst-u, (1) (4)

The value Iave here represents the smoothed value (mean/average) of the
choke current, which is assumed to be constant over a pulse period. For this reason,
this type of control is also called average current control. The factor ku is a scaling
factor with the units 1/V. From equation (4) it is easy to see the linear relationship
between the current set value and the input voltage. The current set value is then
converted by a pulse width modulator into a drive signal for the switching
transistor.

The decision as to which method is most suitable for which application
depends ultimately on the system costs. Very broadly, the discontinuous conduction
mode is today preferred for powers up to about 200 W, and above this the
continuous conduction mode. Because of the high peak currents, the cost of
interference suppression is higher for the discontinuous conduction mode, but on
the other hand the requirements to be met by the diodes, in terms of blocking
characteristics, are much more critical for the continuous conduction mode. For
this reason, silicon carbide diodes (SiC) are especially suitable for this mode of
operation.






Chapter 3

Related Technologies

This chapter gives rough information of key related technologies used in this
project. There are two key technologies chosen to be explained here: .NET
Reflection which plays an important role in dynamic properties access and Web
Service which is now widely used to enable interoperability of softwares across a
computer network.

3.1 .NET Reflection

The NET Framework is an integral Windows component for building and
running software applications and Web services. The multiple-language capability
of the .NET Framework enables developers to use the programming language that
1s most appropriate for a given task and to combine languages within a single
application. Components written in different languages can consume functionality
from each other transparently, without any extra work required from the developer.
Support for the .NET Framework has been announced for over twenty commercial
and academic programming languages. The component-based, plumbing-free
design of the .NET Framework minimizes the amount of code developers have to
rewrite and maximizes potential for code reuse. As a result, developers can focus on
the core business logic code. The framework is composed of the common language
runtime and a unified set of class libraries

The Common Language Runtime (CLR) is responsible for run-time services
such as language integration, security enforcement, and memory, process, and
thread management. In addition, the CLR has a role at development time when
features such as life-cycle management, strong type naming, cross-language
exception handling, and dynamic binding reduce the amount of code that a
developer must write to turn business logic into a reusable component.

The CLR loader manages application domains. The management includes
loading each assembly; a fundamental unit of deployment, version control, reuse,
activation scoping, and security permissions in .NET framework, into the
appropriate application domain and controlling the memory layout of the type
hierarchy within each assembly.

Assemblies contain modules, modules contain types, and types contain
members. Reflection provides objects that encapsulate assemblies, modules, and
types. Reflection can be used to dynamically create an instance of a type, bind the
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type to an existing object, or get the type from an existing object. Invocation of the
type's methods and access to the type’s fields and properties can be done
afterwards.

Propertylnfo class is used to discover information such as the name, data
type, declaring type, reflected type, and read-only or writable status of a property,
and to get or set property values.

In the .NET Reflection components, there is a class called an Attribute class
that can be tagged to any piece of code (e.g. class, property, method, etc.) to give
additional information. Object instances of this class can be read using NET
Reflection at run-time. Further detail regarding .NET reflection can be found at
[MSDNO5].

3.2 Web Service

A Web Service is a software system designed for supporting interoperable
machine to machine interactions over a network. It has a machine-processable
descriptive language, Web Services Description Language (WSDL), to describe
interfaces. Interactions between machines can be done using messages as defined
in the interface. The message may be enclosed in a Simple Object Access Protocol
(SOAP) envelope. Typically, the message is encoded in XML-format and
transmitted through HyperText Transfer Protocol (HTTP).

Computer applications developed in different languages running in different
platforms could make use of the web service to interchange data over a computer
network e.g. Internet in a manner like inter-process communications on a single
computer. Due to the usage of open standards, softwares developed in different
platforms can now interoperate smoothly and effectively without much effort.
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Optimization Strategy

This chapter describes characteristics of the problem discussed in this
project. The problem is then modeled in a proper structure which can be solved.
Algorithms for optimization are discussed. The suitable algorithm is chosen.
Finally, it explains how the chosen algorithm can be realized.

4.1 Problem Characteristics

In order to generate a SMPS design, a design procedure (see example in
Appendix B) has to be done. Typically, it consists of half a hundred up to over a
hundred steps varying from topology to topology and mode to mode. Each step can
be either an input parameter or a result from an equation. The sequence of steps is
very important since previous steps have much influence on the following steps.
Numbers of input parameters have to be given at the beginning along with an IC
which defines additional input parameters. During the calculation, several major
components have to be chosen manually. Afterwards, the other components are
adjusted in order to give the preferred result. Note that the set of major electronic
components e.g. IC, MOSFET is not large.

In addition, there are some constraints that need to be considered.
Constraints can be categorized into two types: critical constraints and insignificant
constraints. As its name, critical constraints must not be violated by all means e.g.
the maximum junction temperature must not exceed 150°C. On the other hand,
insignificant constraints are just warnings that should be considered e.g. the
current density should not exceed 8A/mm2. Constraint enforcement in some steps
may result in changing values in the previous steps.

Since electronic components have a limited set of possible values, it is not
possible to find a single component with the exact preferred value. Additionally, it
would cost more money to have them in series or parallel if it is not critical.
Normally, the minimal number of components is preferred. The simple solution is
to choose the component with the closest value. However, as mentioned before, the
chosen component value largely affects the following equations therefore the new
value has to be used for the rest of the calculation to get more precise results.

Manual validation of all combinations is not feasible therefore only potential
combinations are validated. Currently, figuring out whether a combination has
potential or not, requires lot of experience.
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4.2 Problem Modeling

The problem can be modeled as a tree as shown in figure 4.1. A leaf node
represents a complete combination of electronic components. Each intermediate
level represents each step choosing an electronic component. The Number of
intermediate levels varies from topology to topology as well as from mode to mode.
Constraint validation could be done at every intermediate level to stop traversing
unnecessary leaf nodes in case that intermediate node violates some constraint.

Root

Electronic Component 1

Electronic Component 2

Figure 4.1: A tree model of the problem

The electronic components discussed above do not include the basic
electronic components e.g. resistors, capacitors and inductors in which they can be
easily addressed by finding a component with the closest value to the calculation.
Therefore the number of total possible combinations can be expressed as:

where n is the total number of major components and
Xi is the number of possible values of the major component i

As mentioned in the section 4.1, the number of possible values of each major
component is not large (less than a hundred). In addition, typically only several
major components involve. As a result, the number of total possible combination
will not be too large. Moreover, with the constraint validation, it would reduce the
number of combinations dramatically because the child nodes of the intermediate
node violating some constraint will be excluded.
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4.3 Algorithms for Optimization

According to [HromkovicO4], when one gets a new algorithm problem, the
most reasonable approach is to look into the following robust and paradigmatic
techniques whether one of them alone could efficiently solve the problem or not.
The first technique is divide-and-conquer. This technique recursively breaks the
given problem instance into many problem subinstances. It is easier for problem
subinstances to be solved. By combining problem subinstance solutions, it leads to
the solution of the original problem instance.

Dynamic programming is another technique similar to the divide-and-
conquer method. They both solve problems by combining solutions of subproblems.
The difference between these two techniques is that divide-and-conquer recursively
breaks problem instances into subinstances and calls itself on these subinstances,
while dynamic programming works in a bottom-up approach by starting with
computing solutions of smallest subinstances and continuing to larger and larger
subinstances until the original problem instance is solved. The main advantage of
dynamic programming is that it solves a problem subinstance only once no matter
how many times this problem subinstance appears. On the other hand, the divide-
and-conquer may solve the same problem subinstance many times.

The next technique is backtracking which is used to solve optimization
problems by a possibility exhaustive search of the all feasible solutions set.
Moreover, a feasible solution is only looked once. Another technique is local search
which defines a neighborhood in the all possible solutions set and then searches in
the set going from a feasible solution to a neighboring feasible solution if the cost of
the neighboring solution is better than the cost of the original solution. A local
search algorithm stops with a feasible solution that is a local optimum according to
the defined neighborhood.

The last technique, greedy algorithm, is based on a sequence of steps. Every
step the algorithm specifies one parameter of a feasible solution. The name greedy
comes from the way it chooses the parameters. It always chooses the most
promising choice from all possibilities which then used to specify the next
parameter, and no decision is reconsidered later on.

Taking all algorithms described above in to the consideration, it is found
that the backtracking technique is the most suitable algorithm for solving the
problem in SMPS applications domain. The divide-and-conquer and the dynamic
programming are not applicable because the problem is already atomic and the
sequence of calculations is very important. The sequence highly influences
calculation results. The local search approach can not be applied since at the
beginning, there is no information of neighboring solutions. The greedy algorithm
is also not suitable due to lacking of reconsideration which easily leads to invalid
solution. In addition, the complexity of the problem in SMPS applications is
relatively low therefore it is feasible to do exhaustive search over all possibilities.
However, with the domain-specific knowledge, it is possible to considerably reduce
a number of possibilities by validating the chosen items against the defined rules
for every step of item selection. If the combination is not valid, it is obvious that it
must go back one step and try another combination. All valid combinations are
considered as solutions.






Chapter 5

System Design

In this chapter, the system architecture, software architecture and object
models are depicted. Attribute class which plays an important role in giving
descriptive information about each property, is defined. Major classes are roughly
explained in order to understand their features and responsibility.

5.1 System Architecture

The system architecture is illustrated in figure 5.1. Influenced by web and
web services technologies, it consists of three layers: client layer, application layer
and database layer. There are two possibilities to use this system: using an off-line
client installed locally which periodically connects to the web service to update the
locally-stored data, using a web browser to interactively access the web application.

@ ASP.NET Server
% for Web Services
) e— Web Service

Desktop/Notebook Intemet \ / MS SQL Server
Off-Line Client -

Web Browser

ASP.NET Server
for Web App.
Web Application

Figure 5.1: System architecture
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Both approaches have their pros and cons. The off-line version is suitable for
the usage without an Internet connection which is quite often in the real business
scenario when salespersons visit a customer. On the other hand, the web-based
version is easy to use since no local installation required and it supports various
platforms of client machines. However, the web-based version has some limitations
due to technology constraints. Consequently, some advanced features could not be
implemented in the web-based version. Nevertheless, both approaches should be
implemented in this project to fulfill different needs.

5.2 Software Architecture

The software architecture as shown in figure 5.2 consists of four major
components: the core component, the off-line client component, the web application
component and the web service component. The core component defines data
structures, generic interfaces, generic classes and utility classes. The off-line
component defines windows-based user interfaces. The web application component
defines web-based user interfaces. Finally, the web service component defines web
service operations.

Off-Line Client Web Application

Core K----—-———---—-

Web Service

Figure 5.2: Major Components

5.3 Object Models

After analyzing products in SMPS applications e.g. CoolSET, it is found that
some products can be used in different modes and topologies. However, some
products can be used only in a specific mode in a specific topology. In addition,
single output calculations slightly differ from multiple outputs calculations. As a
result, the object model is constructed as the followings:
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5.3.1 Topologies and modes

Topologies and modes are represented by interfaces. Since multiple
inheritances are not allowed in .NET framework, supporting different modes and
topologies to a single product could only be done via interfaces. Products are
therefore represented by classes. Product classes could implement several
interfaces as products could be used in different modes and topologies.

Basically, there are four levels of interfaces as illustrated in figure 5.3. The
topmost level consists of only an interface namely “Topology”. This interface is the
base interface of all interfaces in this object model. The second level consists of
interfaces representing topologies. The third level consists of sub interfaces of the
second level interfaces categorized by outputs: single output or multiple outputs.
This results from analyzing the characteristics of the calculations that single
output shares a lot of common calculations with the multiple outputs. The
lowermost level derives from the third level for different modes of operation.

Each interface defines a set of properties representing variables and
equations in the calculation. For equations giving only results, read-only properties
are defined. In addition, to avoid confusion and to make the calculation
transparent, every recalculation of a variable generates a new variable.

sinterfaces
Topology
AN
winterfaces ainlerfacen winlerfaces
Topology-1 Topology-2 Topology-3
AN
wintarfacen ainterfacens
TP1Single TP1Multiple
winterfacen winlerfaces winterfaces wintarfaces
TP1Single_Mode1 TP1Single_Mode2| [TP1Single_Mode1 TP1Single_Mode2

Figure 5.3: Topologies and modes object model

The number of sub interfaces varies from topology to topology. Some
topology supports only a single output as well as only a single mode. With
inheritance capabilities, sub interfaces could easily share common properties. This
would dramatically reduce code redundancies in the implementation.
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5.3.2 Products

As mentioned in the section 5.3.1, products are represented by classes. A
single product may be used in different topologies and modes. Therefore, it may
have to implement several interfaces. The product class should basically store the
product-oriented characteristic values. Each characteristic value is represented by
a property.

Normally, there are five levels of classes as depicted in figure 5.4. The top
most level consists of only an abstract class namely “Product”. This class is the root
of all product classes in the object model. The second level consists of abstract
classes representing product groups. The third level abstract classes derive from
the second level classes with difference in the number of outputs: single output or
multiple outputs. The fourth level consists of abstract derived classes of the third
level classes representing product families. The fifth level classes derive from the
fourth level classes with difference in the mode of operation.

Product

Level 1: Product Base

Z}

[ [ ]
PG-1 PG-2 PG-3

Level 2: Product Groups

Z}

[ 1
PG1Single PG1Multiple

Level 3: Outputs

Z}

| ]
PG1SingleF1 PG1SingleF2

T . T

PG1SingleF1IM1| [PG1SingleF1M2| [PG1SingleF2M1

Level 4: Product Families

Level 5: Modes of Operation

Figure 5.4: Products object model

Regarding interfaces from section 5.3.1, Second-level topology interfaces can
be implemented at the second-level abstract classes. Third-level interfaces can be
implemented at the third-level abstract classes matching number of outputs.
Fourth-level interfaces can be implemented at the fifth-level classes.
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5.3.3 Optimizers

Due to variation of optimization steps in different modes of operation,
optimizers have to be varied from mode to mode as well. The object model of
optimizers is defined as illustrated in figure 5.5. There are three levels of classes in
the object model. The first level consists of only an abstract class namely
“OptimizerBase”. The second level consists of two abstract classes: OptimizerSingle
for single-output solution and OptimizerMultiple for multiple-output solution. The
third level classes represent modes of operation.

Optimizer

Level 1: Optimizer Base

Z}

OptimizerSingle OptimizerMultiple
Level 2: Outputs
| ] Zﬁ
OptSinModel OptSinMode2 OptMulModel

Level 3: Modes

Figure 5.5: Optimizers object model

5.4 Attribute Class

Considering the large number of properties in calculations, if the description
of each property has to be manually shown in user interfaces, there will be a lot of
redundant work and may lead to inconsistency problem. In addition, the units of
values should be consistent wherever the value is presented e.g. mA (milliampere)
or A (ampere). Therefore, values should be kept internally at the base unit e.g. A
(ampere), V (volt) to avoid difficulties in unit conversions during calculations. For
the output e.g. shown in user interfaces, values have to be converted into a proper
target unit by multiplying with a certain factor e.g. converting A to mA requires a
factor of 103. The factor should be provided along with the target unit. The number
format is another parameter that should be controlled in user interfaces e.g. two-
digit decimal should be a default number format. Moreover, to give the users
understanding where an equation comes from, the reference should be provided.

To provide information described in the previous paragraph, an attribute
class 1s introduced. The attribute class namely “IPSPropertyAttribute” is defined
and tagged to every property representing a variable or an equation. The simplified
class declaration in VB.Net is shown in listing 5.1.
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Listing 5.1: Class Declaration in VB.Net (simplified): IPSPropertyAttribute

<AttributeUsage(AttributeTargets.Property)> _
Public Class IPSPropertyAttribute
Inherits Attribute

Public ReadOnly Property Unit() As String

Public ReadOnly Property UnitFactor() As Double

Public ReadOnly Property Description() As String

Public ReadOnly Property NumberFormat() As String
Public ReadOnly Property Reference() As String

Public ReadOnly Property IsEscalatableUnit() As Boolean

Public Sub New(ByVal puUnit As String, _
Optional ByVal pDescription As String = "',
Optional ByVal pUnitFactor As Double = 1,
Optional ByVal pNumberFormat As String = "0.00", _

Optional ByVal pReference As String = .
Optional ByVal plsEscalatableUnit As Boolean = False)

End Class

An example of the attribute class instance is shown in listing 5.2 where an
attribute class instance describes information of the “VACmin” property in the
“FlybackTopology” interface. The first parameter is string-type specifying the unit.
The second parameter gives a description of the property. The third parameter
refers to the unit factor however in this example the default value of one is applied.
The fourth parameter defines the number format. Here is “0” meaning that the
value will be shown without any decimal point. The default value of this parameter
1s “0.00” meaning value will be shown with two decimal points. The fifth parameter
which is missing in this example, gives a reference. An empty string is a default
value for this parameter. The sixth parameter specifies whether the unit of this
value can be automatically escalated or not e.g. 1000mE to be 1Q.

Listing 5.2: An attribute class instance

<IPSProperty("'V'", "Min. AC Input Voltage (0 if DC source)", , "0'")>
Property VACmin() As Double

The attribute class plays an important role in user interfaces since it
provides descriptive information of each property shown in user interfaces. This
makes the system dynamic and transparent. It also centralizes the descriptive
information of properties to be in one place. If some information needs to be
changed, it can be easily modified once and everywhere using this information will
be affected. With this approach, it dramatically reduces redundant work required
to manually provide descriptive information of all properties in user interfaces.
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5.5 Data Structures

Several data structures have been introduced in order to support the system.
Since the object-oriented concept is applied, classes are chosen to represent data
structures. There are twelve classes defined as the following.

5.5.1 Limit Values

This data structure is dedicated for the electrical characteristic values of
products which often consist of minimum, typical and maximum values. Values are
stored in Double-type variables. Sometimes only two of three values exist therefore
each value should be tagged whether the value is present or not. The problem
comes from the fact that null value cannot be applied to basic data type e.g. Double.
Consequently, an additional Boolean-type variable is introduced for each value. In
addition, to ease the duplication of values, the “CopyFrom” sub-routine is defined.
The simplified class declaration in VB.Net is shown in listing 5.3.

Listing 5.3: Class Declaration in VB.Net (simplified): LimitValues

Public Class LimitValues

Public Property IsMinValueDefined() As Boolean
Public Property MinValue() As Double

Public Property IsTypicalValueDefined() As Boolean
Public Property TypicalValue() As Double

Public Property IsMaxValueDefined() As Boolean
Public Property MaxValue() As Double

Public Sub CopyFrom(ByVal pLV As LimitValues)
End Class

5.5.2 IPS Structure

Due to the vitality of the sequence of equations and difficulties in ordering
properties using .NET Reflection, a list of items for user interfaces has to be
constructed. The IPS structure represents each item or row to be shown in user
interfaces. To avoid redundancy and inconsistency, the information of the property
which already described by the attribute class as well as the value of the property
are not kept within this structure. The IPS structure can easily link to the target
property via the “Propertylnfo” class of .NET Reflection. Additional information
required for user interfaces are provided in this structure. The simplified class
declaration in VB.Net is shown in listing 5.4.

An integer-type “Sequence” property contains the sequence number of the
item. The “GroupName” property is used for grouping items. The “IsResult”
property will be set to true if the item represents a result. To refer back to the
owner object of the item which is required in .NET Reflection, the “OwnerObject”
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property is provided. Obviously, the “PropInfo” property is the link to the
“PropertyInfo” class instance of the target property. The “IPSProp” property is
provided here giving a direct link to the target attribute class in order to reduce
complexity due to the hierarchical structure of product classes. If the item
represents limit values, the enumeration must be given to know which sub-value is
referred to the item. The “OutputIndex” property is only used in multiple outputs
solution.

Listing 5.4: Class Declaration in VB.Net (simplified): IPSStruct

Public Class IPSStruct

Public Property Sequence() As Integer

Public Property GroupName() As String

Public Property IsResult() As Boolean

Public Property OwnerObject() As Object

Public Property Proplnfo() As Propertylnfo

Public Property IPSProp() As IPSPropertyAttribute
Public Property LimitValuesEnum() As LimitValuesEnums
Public Property Outputlndex() As Integer

Public Sub New(ByVal pSequence As Integer, _
ByVal pGroupName As String, _
ByVal plsResult As Boolean, _
ByVal pOwnerObject As Object, _
ByVal pProplnfo As Propertylnfo, _
ByVal plIPSProp As IPSPropertyAttribute, _
Optional ByVval pLV As LimitValuesEnums = _
LimitValuesEnums.notDefined,
Optional ByVal pOutputindex As Integer = 0)
Public Sub New(ByVal pSequence As Integer, _
ByVal pGroupName As String, _
ByVal plsResult As Boolean, _
ByVal pOwnerObject As Object, _
Byval pProplnfo As Propertylnfo, _
Optional ByVal pLV As LimitValuesEnums = _
LimitValuesEnums.notDefined, _
Optional ByVal pOutputindex As Integer = 0)
End Class

5.5.3 IPS Warning

When rules for validation are violated, warnings will be raised. The
“IPSWarning” class serves this purpose. It consists of 5 properties. String-type
Code, Description and Resolution properties are self understandable. The Boolean-
type “IsCritical” property refers that the warning is critical or not. If so, it cannot
be neglected. The “TargetPropertyName” property keeps the name of the property
in which the problem can be solved. The simplified class declaration in VB.Net is
shown in listing 5.5.
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Listing 5.5: Class Declaration in VB.Net (simplified): IPSWarning

Public Class IPSWarning

Public Property WarningCode() As String
Public Property WarningDescription() As String
Public Property WarningResolution() As String
Public Property IsCritical() As Boolean
Public Property TargetPropertyName() As String

Public Sub New(ByVal pWarningCode As String, _
ByVal pWarningDescription As String, _
ByVal pWarningResolution As String, _
Optional ByVal plsCritical As Boolean = False, _
Optional ByVal pTargetPropertyName As String = _
Nothing)
End Class

5.5.4 Rubycon Capacitor Structure

The special capacitor used for some point in the circuit is determined by not
only the capacitance value but also some other electrical characteristics e.g. ripple
current. Therefore, a special structure has to be provided. The simplified class
declaration in VB.Net is shown in listing 5.6.

Listing 5.6: Class Declaration in VB.Net (simplified): RubyConCapStruct

Public Class RubyConCapStruct
<IPSProperty("'V', "Rated Voltage')> _
Public Property RatedVoltage() As Double
<IPSProperty("'uF', "Capacitance Value'", (10 ™ 6), "0'")> _
Public Property Capacitance() As Double
<IPSProperty('"', "Size (Diameter x Length)")> _
Public Property DxL() As String
<IPSProperty (A", "Max. Permissible Ripple Current'™)> _
Public Property MaxIRipple() As Double
<IPSProperty(*'Ohm", "ESR @ 20°C / 100kHz', , "0.000")> _
Public Property ESRAt20C() As Double

Public Sub New(ByVal pRatedVoltage As Double, _
ByVval pCapacitance As Double, _
Byval pDxL As String, _
ByVal pMaxIRipple As Double,
ByVal pESRAt20C As Double)
End Class
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5.5.5 Multiple Outputs Structure

Since some equations depend on each output, the multiple outputs structure
1s designed for handling variables and equations which are dependent on an output.
The simplified class declaration in VB.Net of the multiple outputs structure for
Flyback topology is shown in listing 5.7. However, the topology-related properties
and sub-routines are not included in the listing.

Listing 5.7: Class Declaration in VB.Net (simplified): FlyBackMultiOutputStruct

Public Class FlyBackMultiOutputStruct

Public ReadOnly Property OwnerTopology() As FlybackMultiple

Public ReadOnly Property OwnerCollection() As _
FlyBackMultiOutputCollection

Public ReadOnly Property Number() As Integer

Public ReadOnly Property FormattedNumber() As String

Public Sub New(ByVal pOwnerTopology As FlybackMultiple, _
ByVal pOwnerCoolSET As CoolSET, _
ByVal pOwnerCollection As _
FlyBackMultiOutputCollection, _
Byval pNumber As Integer)

End Class

The “OwnerTopology” property links to the object instance of class that
implements the preferred interface. In addition, the “OwnerCollection” property
links to the collection which this item is stored. The “Number” property represents
a sequence number of the item while the “FormattedNumber” property returns a
two-digit formatted string of the “Number” property.

5.5.6 Output Structure

To support development of user interfaces where output-dependent
parameters are gathered, the “Output” structure is introduced. This structure
helps handling output-dependant parameters more efficiently. The simplified class
declaration in VB.Net is shown in listing 5.8.

Listing 5.8: Class Declaration in VB.Net (simplified): OutputStruct

Public Class OutputStruct

Public Property VOut() As Double
Public Property 10ut() As Double
Public ReadOnly Property POutnom() As Double

Public Sub New(ByVal pVOut As Double, ByVal plOut As Double)
End Class
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5.5.7 Default Value Structure

Default values play an important role in the project since one of the goals is
to minimize the number of input parameters that non-expert users have to choose
but not getting rid of possibility to change advanced parameters for expert users. A
list of default values should be generated from the product class. The list is then
shown in the user interface for approval. The approved list is later sent to an
optimizer to realize in the optimization. The simplified class declaration in VB.Net
is shown in listing 5.9.

Listing 5.9: Class Declaration in VB.Net (simplified): DefaultValueStruct

Public Class DefaultValueStruct

Public Property Name() As String

Public Property IPSProp() As IPSPropertyAttribute
Public Property Value() As Double

Public Property Outputlndex() As Integer

Public Sub New(ByVal pProplnfo As Propertylnfo, _
ByvVal pValue As Double, _
Optional ByVal pOutputlndex As Integer = 0)
End Class

5.5.8 Advanced Inputs for Optimizer

In addition to a list of default values, there are other advanced input
parameters for an optimizer. Set of transformer cores, heat dissipaters and
external MOSFETSs can also be tailored. The simplified class declaration in VB.Net
is shown in listing 5.10.

Listing 5.10: Class Declaration in VB.Net (simplified): OptimizerAdvInputs

Public Class OptimizerAdvinputs

Public Property HDs() As Collection

Public Property MOSFETs() As Collection

Public Property TFCores() As Collection

Public Property MaxAllowedTj() As Double

Public Property DefaultValues() As DefaultValueStructSL
Public Property NeglectNonCriticalWarnings() As Boolean

Public Sub New(ByVal pHDs As Collection, _
Byval pMOSFETs As Collection, _
ByVal pTFCores As Collection, _
ByVal pMaxAllowedTj As Double, _
ByvVal pDefaultvalues As DefaultValueStructSL, _
Optional ByVal pNeglectNonCriticalWarnings As _
Boolean = False)
End Class
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5.6 Products

The Product class is an abstract base class which all product-related classes
have to inherit. It defines generic functions and declares functions that must be
overridden. The simplified class declaration in VB.Net is shown in listing 5.11.

Listing 5.11: Class Declaration in VB.Net (simplified): Product

Public Mustlnherit Class Product

Public Property Name() As String

Public Property SortableName() As String

Public Property Series() As String

Public Property CanUseExXtMOSFET() As Boolean

Public Property Transformer() As TransformerCore

Public ReadOnly Property IPSWarnings() As IPSWarningsSL
Public Property AutoValueRecommendation() As Boolean

Public Property CanUseHeatSink() As Boolean
Public Property UseHeatSink() As Boolean
Public Property UseCuArea() As Boolean

Public Property RthCuArea() As Double
Public Property RthHT() As Double
Public Property RthHS() As Double
Public Property ExXtMOSFET() As MOSFET

Public MustOverride Function getlPSStructSL() As IPSStructSL

Public MustOverride Function getDefaultValueStructSL( _
Optional ByVal existingDVSL As DefaultValueStructSL = Nothing, _
Optional ByVal numberOfOutputs As Integer = 1) As _
DefaultValueStructSL

Public MustOverride Function getBOM() As BOMTable

Public MustOverride Sub enforceAutoValueRecommendation( _
Optional ByVal pKeepAVRSetting As Boolean = True)

Protected Function getProplnfo(ByVval pName As String, _
ByVal pProplnfos As Propertylnfo()) As Propertylnfo

Public MustOverride Sub ExportToXML(ByVal xmlParEmt As XmlElement,
ByVal pTopology As Type)

Public MustOverride Sub ImportXML(ByVal xmlParEmt As XmlElement)

End Class

5.6.1 IPS Structure Sorted List

The IPS structure sorted list is generated for user interfaces to easily access
to properties needed to be shown for a specific product. The “getIPSStructSL”
method is responsible for generating the list. The list contains IPS structures,
already described in section 5.5.2, sorted in a proper sequence. The structure acts
as a proxy to the product object. Each IPS structure represents either a variable or
an equation in the calculation which is a property in the product object. The
property value will be accessed via the structure either for value request or value
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manipulation. Furthermore, additional user-interface-oriented information 1is
provided in the structure. Figure 5.6 depicts the process when a user interface
populates a property list of a product class. The user interface firstly requests for
an IPS structure sorted list (IPSStructSL) to the product object. The product object
generates a list and returns it to the user interface. Assume that a structure X is
bounded to a property X and the user interface is populating an item X based on
the structure X. The user interface gathers user-interface-oriented information
directly from the structure. However, for the IPS attribute and the value of the
property X must be gathered from the property itself via the structure.

PFOF'UCt Request the IPSStrucSL User Interface
Object

IPSStructSL

Generate Return

Request Ul-Info
Return Ul-Info

Request Attribute Request Attribute |
Property X Structure X ltem X
Return Attribute Return Attribute
Request Value Request Value |
Return Value Return Value

Figure 5.6: Populating property list of Product

5.6.2 Default Value Structure Sorted List

As explained in section 5.5.7, the default value structure plays an important
role in balancing between the simplicity of input parameters for non-expert users
and the flexibility of advanced input parameters manipulation for expert users.
The default value structure sorted list (DefaultValueStructSL) is generated by
invoking the product object’s “getDefaultValueStructSL” method. The list contains
all necessary default values required for an optimizer. Figure 5.7 shows the process
in which the structure is generated. The structure may be manipulated by expert
users. Finally, it is sent to the optimizer along with other input parameters. In
addition, it might happen that several products capable of operating in the same
mode are considered in an optimizer. For this case, the union set of default values
of all considered products must be provided therefore the method must be able to
support adding non-existing default values to the existing list.
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Figure 5.7: Default Value Structure Sorted List

5.6.3 Bill of Material

The bill of material (BOM) is a list of electronic components used in an
SMPS solution. It describes the type of components, value, rating as well as the
number of each component required. Users can easily take the bill of material to
build up a real circuit board. The BOM can be generated by invoking the “getBOM”
method of the product class.

5.6.4 Automatic Value Recommendation

The automatic value recommendation is a mechanism to automatically find
appropriate values for some electronic components e.g. finding an available resistor
with the resistance close to the preferred value. This can be done by either table
look up or iterating through all possibilities. An equation generating automatic
value recommendation is represented by a read-only property. When it gets a
request to return a result from an equation and the automatic value
recommendation flag is set, the target variable will be changed by defined rules.
Figure 5.8 shows the flowchart of the automatic value recommendation mechanism.
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Figure 5.8: Automatic Value Recommendation Mechanism

Considering a sequence of equations, it must make sure that intermediate
steps of automatic value recommendation are invoked properly in a correct
sequence in order to get correct final results as shown in figure 5.9. This can simply
be done via the “enforceAutoValueRecommendation” method. This method ensures
that all intermediate steps are invoked in a proper sequence. Moreover, if one
variable is changed, all other dependant variables and equations will be affected.
Since there is no automatic mechanism to notify user interfaces, it must be assured
that user interfaces have refreshed all affected values.

Intermediate Steps

AVR/ \ AVR
P RN T

Figure 5.9: Intermediate Steps
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5.6.5 XML Import and Export

The product class is also considered as a solution class in this project.
Therefore it should be able to be exported to and imported from an XML-based file
for storing the solution. The generic serialization of .NET Framework could not
apply so the customized serialization has to be done. The “ExportToXML” method
1s used for serialization. On the other hand, the “ImportXML” is used to recover the
solution from an XML-based file. To avoid the mismatched structure problems, the
XML schema validation, which is one of infrastructure provided by .NET
framework, is used as shown in figure 5.10. As a result, the serialization and
deserialization processes are controlled by the XML schema validation using the
XML schema defined in Appendix A.

Import

Product Object (Solution)

Serialize l | Deserialize

XML Schema Validation XML Schema

I 1

XML-based file

Export

Figure 5.10: XML Import Export

5.7 Optimizers

The “OptimizerBase” class is the base class of all optimizer classes
implemented in this project. It defines common properties as well as common
methods. The simplified class declaration in VB.Net is shown in listing 5.12.

Listing 5.12: Class Declaration in VB.Net (simplified): OptimizerBase

Public Mustlnherit Class OptimizerBase

Public Property Conn() As SqlConnection

Public Property CSMGR() As CoolSETManager

Public Property TCMGR() As TransformerCoreManager

Public Property MFMGR() As MOSFETManager

Public Property HDMGR() As HeatDissipaterManager

Public Property ProgressBar() As System.Windows.Forms.ProgressBar
Public Property OptAdvinputs() As OptimizerAdvinputs
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Listing 5.12: Class Declaration in VB.Net (simplified): OptimizerBase (Cont.)

Public Property VACmin() As Integer
Public Property VACmax() As Integer
Public Property VDCmin() As Integer
Public Property VDCmax() As Integer
Public Property Ta() As Integer
Public Property EffPre() As Double

Protected Sub New(ByVal pCSmgr As CoolSETManager, _
Byval pTCmgr As TransformerCoreManager, _
Byval pMFmgr As MOSFETManager, _
ByVal pHDmgr As HeatDissipaterManager, _
Optional ByVal pOptAdvinputs As OptimizerAdvinputs = Nothing, _
Optional ByVal pConn As SglConnection = Nothing, _
Optional ByVal pgb As System.Windows.Forms.ProgressBar = Nothing)

Public Function getTargetProducts(ByRef rTargetProductSL As _
SortedList) As TargetProductTable
Protected Function getQueryID(ByRef plsNewQuery As Boolean) As Long
Protected Overridable Sub fillSQLCmdParameters(ByVval CmdParams As _
SqlParameterCollection)
Protected Function VerifySolution(ByvVal cs As CoolSET, Optional _
ByVal pHDname As String = Nothing) As Boolean
Protected MustOverride Function getNewCoolSET(ByVal series As _
String) As CoolSET
Protected MustOverride Function getTargetCoolSETs() As SortedList
Protected MustOverride Function getTopology() As Type
Protected MustOverride Function getMode() As String
Protected Function getDefaultOptAdvinputs() As OptimizerAdvinputs
Protected MustOverride Function getDefaultValueSL() As _
DefaultValueStructSL
Protected Overridable Sub applyDefaultValues(ByVal cs As CoolSET)
End Class

Several properties must be supplied in order to instantiate an optimizer
object. They are object instances of “CoolSETManager’, “TransformerCore-
Manager,” “MOSFETManager” and “HeatDissipaterManager”. The “OptimizerAdv-
Inputs” object is optional only if default values have been manipulated or the set of
considered components has been changed. For the online optimization, it is
necessary to supply a database connection in order to gather and update cached
queries and cached solutions. In addition, the Optimizer can support showing the
active progress of the process on the “Progressbar” object during optimization
process for Windows-based client.

The “getTargetProducts” method returns a sorted list of possible solutions
through the pass-by-reference variable “rTargetProductSL” and the returned
“TargetProductTable” object. The table is mainly used for displaying solutions
summary in a DataGrid control of user interfaces. On the other hand, the sorted
list contains all solution object instances for getting calculation detail. The
flowchart of the method is depicted in figure 5.11.
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Figure 5.11: Optimizer “getTargetProducts” method flowchart

For the online optimization, the method first checks whether the query
already exists in the cache or not by invoking the protected “getQueryID” method.
If the given query does not exist in the cache, it will be inserted getting a new
query identifier as a result. In contrast, the existing query identifier is returned.

If it is a new query, the optimization has to be done. Firstly, a sorted list of
CoolSETs 1s gathered by invoking the “getTargetCoolSETs” method. A Solution
object is instantiated from each CoolSET object within the sorted list. It is to be
tested with each combination of considered transformer cores and MOSFETs.
However, with the knowledge of the characteristics of the SMPS application
domain, it does not make sense to use oversize components unless it is necessary.
Therefore, if the first transformer core and MOSFET which make the solution valid
are found, the iteration stops for that CoolSET. The protected “applyDefault-
Values” method is called to fill out default values to the solution object. The
solution object is then verified via the “VerifySolution” method. Unless the solution
has an error, the solution is added to the solutions sorted list, solutions table and,
in case of online optimization, the solution is also added into the cache. On other
hand, if cached solutions are used, they are loaded into the solutions list and
solution objects are reconstructed.



Chapter 6

Database Design

Database is an efficient data storage sharing among multiple users. In this
project, the database is used to store all information on the server side e.g. product
information. However, for client computers which the database connection is not
available, the off-line partial copy of the database in the form of DataSet is used.
The off-line partial copy of the database is generated via Web Service which
queries data from the online database.

In this project, MS SQL Server 2000 was chosen to be a DBMSS. With its
stored procedure capabilities, security measures can be easily realized. Direct table
access should be avoided therefore most of operations have to be done via stored
procedures. User roles can be introduced to categorize users into groups which
have different access rights. Typically, from external access the database should be
read only i.e. no data manipulating operation permitted. However, for caching
known requests and solutions, there should have a special role named
“CachedQueryManipulator” which can only manipulate cache tables.

There are ten tables and eleven stored procedures introduced in this project.
Schemas of those tables as well as the declaration of those stored procedures are
shown in the following sections. Note that, table schemas refer to MS SQL Server
2000 data types.

6.1 Table Schemas

Table 6.1: CachedQuery table schema

PK Field Name Data | Size Description

o Type

° QueryIlD bigint - Query Identifier (auto increment)
Mode varchar 10 | Topology/Mode of operation
InputType varchar 2 Input type (AC/DC)
VINmin float - Minimum input voltage
VINmax float - Maximum input voltage
Ta float - Ambient temperature
f float - Switching Frequency
fOSC2 float - Second Oscillation Frequency
OutputPower float - Output Power in Watt

8 Database Management System

9 Primary Key
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VOut01 float Output Voltage 1
I0ut01 float Output Current 1
VOut02 float Output Voltage 2
10ut02 float Output Current 2
VOut03 float Output Voltage 3
I0ut03 float Output Current 3
VOut04 float Output Voltage 4
I0ut04 float Output Current 4
VOut05 float Output Voltage 5
10ut05 float Output Current 5
VOut06 float Output Voltage 6
I0ut06 float Output Current 6
VOut07 float Output Voltage 7
I0ut07 float Output Current 7
VOut08 float Output Voltage 8
I0ut08 float Output Current 8
VOut09 float Output Voltage 9
I0ut09 float Output Current 9
VOut10 float Output Voltage 10
I0ut10 float Output Current 10
QueryDT datetime Data and Time Query Created

Table 6.2: CachedSolution table schema

PK Field Name Data | Size Description
Type

o | QuerylD bigint (P Cnreduery)

° Seq int - Sequence of Solutions in a Query
SortableCoolSET varchar 20 | Sortable CoolSET name
CoolSET varchar 20 | CoolSET name
SortableMOSFET varchar 20 Sortable CoolMOS name
CoolMOS varchar 20 CoolMOS name
TFCore varchar 20 Transformer Core name
HeatDissipater varchar 20 | Heat Dissipater name

Table 6.3: CoolSETSs table schema
PK Field Name Data | Size Description
Type

° Name varchar 20 CoolSET name

SortableName varchar 20 | Sortable CoolSET name
. Product Series name
Series varchar 20

(FK ProductSeries)

10 Foreign Key
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Flag specifying whether this CoolSET can

CanUseExtMOSFET bit use an external MOSFET or not
f float Switching Frequency
Packaging varchar 20 f’;f{k;galgl%;éi‘cilgs(;oolSET
Vesth_min float Minimum Peak Current Limitation
Vesth_typ float Typical Peak Current Limitation
Vesth_max float Maximum Peak Current Limitation
Vbr_dss float Drain Source Breakdown Voltage
IveeST _typ float Typical Start-up Current
IveeST max float Maximum Start-up Current
IveeIAG_typ float Typical Inactive Gate Current
IveeIAG_max float Maximum Inactive Gate Current
IvecAG_typ float Typical Active Gate Current
IvecAG_max float Maximum Active Gate Current
VCCon_min float Minimum VCC Turn-On Threshold
VCCon_typ float Typical VCC Turn-On Threshold
VCCon_max float Maximum VCC Turn-On Threshold
VCCoff_typ float Typical VCC Turn-Off Threshold
VCCHY_min float Minimum Turn-On/Off Hysteresis
VCCHY_typ float Typical Turn-On/Off Hysteresis
VCCHY_max float Maximum Turn-On/Off Hysteresis
VREF_min float Minimum Trimmed Reference Voltage
VREF_typ float Typical Trimmed Reference Voltage
VREF_max float Maximum Trimmed Reference Voltage
Av_min float Minimum PWM-OP Gain
Av_typ float Typical PWM-OP Gain
Av_max float Maximum PWM-OP Gain
VFB_min float Minimum Operating Feedback Voltage
VFB_max float Maximum Operating Feedback Voltage
RFB_min float Minimum Feedback Resistance
RFB_typ float Typical Feedback Resistance
RFB max float Maximum Feedback Resistance
Rsoftstart_min float Minimum Soft-Start Resistance
Rsoftstart_typ float Typical Soft-Start Resistance
Rsoftstart_max float Maximum Soft-Start Resistance
Vsoftstart] min float Minimum Activati.on Limit of Overload &
Open Loop Detection
Vsoftstart1l_typ float g};}z} ﬁ%ﬁ;tgzsézgsﬁmlt of Overload &
Vsoftstartl max float Maximum Activat‘ion Limit of Overload &
Open Loop Detection
fOSC float Oscillation Frequency
tSOFTS float Soft-Start time
VOPOVP float Typical Output Over-Voltage Protection
VSOC float Typical Soft Over Current Control
GmOTA1 float Typical OTA1 Transconductance Gain
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GmOTA2 float Typical OTA2 Transconductance Gain
RDSON25C_typ float Typical On-Resistance at 25°C
RDSON25C_max float Maximum On-Resistance at 25°C

Coer float Eff. Output Capacitance (Energy-Related)
RthJA float Thermal Resistance Junction-Ambient
RthJC float Thermal Resistance Junction-Case

Table 6.4: ElecCompValues table schema

PK Field Name Data | Size Description
Type
° ELevel varchar 5 Level of E-Table
° EValue float Possible Electronic Component Value

Table 6.5: HeatDissipaters table schema

PK Field Name Data | Size Description
Type
° Name varchar 20 Heat Dissipater name
RthHS float Thermal Resistance of Heat Sink
RthCuArea float Thermal Resistance of Copper Area

Table 6.6: MOSFETSs table schema

PK Field Name Data | Size Description
Type

° Name varchar 20 | MOSFET name
SortableName varchar 20 Sortable MOSFET name
Voltage float Voltage Rating
IDAt25C float Continuous Drain Current at 25°C
RDSonAt25C float On-Resistance at 25°C
Coer float Eff. Output Capacitance (Energy-Related)
RthJA float Thermal Resistance Junction-Ambient
RthJC float Thermal Resistance Junction-Case

Table 6.7: Packagings table schema

PK Field Name Data | Size Description
Type
e | Packaging varchar 20 | Packaging name
CanUseHeatSink bit Flag specifying Whether this packaging
can use a heat sink or not
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Table 6.8: ProductSeries table schema

PK Field Name Data | Size Description
Type
° Series varchar 20 Product Series name

Table 6.9: RubyConCaps table schema

PK Field Name Data | Size Description
Type
RatedVoltage float - Rated Voltage
Capacitance float - Capacitance Value
DxL varchar 10 Diameter and Length
MaxIRipple float - Maximum Ripple Current
ESRAt20C float Equivalent Series Resistance at 20°C

Table 6.10: TransformerCores table schema

PK Field Name Data | Size Description
Type

e | Name varchar 20 | Transformer Core name
Type varchar 20 | Transformer Core Type
Material varchar 20 | Core Material
Pmax float - Maximum Power
BW float Bobbin Width
AN float - Winding Cross Section
Ae float Effective Magnetic Cross Section
Bmax float Maximum Flux Density
le float Effective Magnetic Path Length
IN float - Average Length per Turn
PV float - Relative Core Losses
K1 float - Core-Specific Constant 1
K2 float - Core-Specific Constant 2
Ve float - Effective Magnetic Volume
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6.2 Stored Procedures Declaration

PROCEDURE:
PARAMETERS:

PURPOSE:

PROCEDURE:
PARAMETERS:

dbo. ips_cachedquery_insert

@Mode varchar(10),

@InputType varchar(2),

@VINmin float,
@VINmax float,
@Ta float,

of float,
@fosCc2 float,
@OutputPower float,
@voutOl float,
@I0ut0l1l float,
@vout02 float,
@I0ut02 float,
@vout03 float,
@10ut03 float,
@vout04 float,
@Iout04 float,
@voutos5 float,
@10utos5 float,
@voutO6 float,
@I0ut06 float,
@voutO7 float,
@Iout07 float,
@vout08 float,
@I10ut08 float,
@vout09 float,
@10ut09 float,
@voutl0 float,
@10utl0 float,

@QuerylID bigint output,
@1sNewQuery bit output

Topology/Mode
AC/DC Input Voltage
Minimum Input Voltage
Maximum Input Voltage
Ambient Temperature
Switching Frequency
2nd Qgcillation Freq.
Output Power

Output Voltage 1
Output Current 1
Output Voltage 2
Output Current 2
Output Voltage 3
Output Current 3
Output Voltage 4
Output Current 4
Output Voltage 5
Output Current 5
Output Voltage 6
Output Current 6
Output Voltage 7
Output Current 7
Output Voltage 8
Output Current 8
Output Voltage 9
Output Current 9
Output Voltage 10
Output Current 10
Query Identifier

New Query Flag.

to insert a new query into the cache getting the newly generated
query identifier and New Query flag as outputs. If the given query
already exists in the cache, the query identifier is returned.

dbo.ips_cachedsolution_insert

@QuerylID bigint,
@Seq iInt,

@SortableCoolSET varchar(20),
@CoolSET varchar(20),
@SortableMOSFET varchar(20),

@MOSFET varchar(20),

Query Identifier
Sequence of Solutions
Sortable CoolSET name
CoolSET name

Sortable MOSFET name
MOSFET name
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PURPOSE:

PROCEDURE:
PARAMETER:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PARAMETER:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PURPOSE:

PROCEDURE:
PURPOSE:

@TFCore varchar(20), Transformer Core name
@HeatDissipater varchar(20) Heat Dissipater name
to insert a new solution of the query into the cache.

dbo.ips_cachedsolution_list_by id
@QuerylID bigint Query Identifier
to list all cached solutions of the given query identifier.

dbo.ips_coolsetqgrs_list
to list all Quasi-Resonant CoolSET's (Series name = “PWM-QSR”).

dbo.ips_coolsets _list
@Series varchar(20) = NULL Series name
to list all CoolSETs with the given series name. If the series name

is not given, all CoolSETs with the series name beginning with
“CoolSET” will be returned.

dbo.ips_eleccompvalues_elevel_list
to list all distinct E-levels from the ElecCompValues table.

dbo.ips_eleccompvalues_select all
to list all rows from the ElecCompValues table.

dbo.ips_heatdissipaters_list
to list all rows from the HeatDissipaters table.

dbo.ips_mosfets_list
to list all rows from the MOSFET's table.

dbo.ips_rubyconcaps_list
to list all rows from the RubyConCaps table.

dbo.ips_transformercores_list
to list all rows from the TransformerCores table.






Chapter 7

Implementation

This chapter shows all implementations that have been done in this project.
It mainly consists of three parts: Offline Client, Web Service and Web Application.
User interfaces are shown and roughly explained. In addition, Major features are
pointed out.

7.1 Offline Client

The Offline client is a Windows-based application. It was developed using
Microsoft Visual Basic .NET. The main purpose of the offline client is to provide
the possibility to use the system offline. It is very suitable for salespersons, field
application engineers as well as external customers who have no 24-hour-ready
Internet connection e.g. they are discussing with customers outside the office.

Instant Professional
SMPS Solution

Never stop thinking

Developed by Witoon Sintanavevong
Under Supervision of Rainer Kling

AIM PMD CP M2

Power Management & Supply
© Copyright 2005 Infineon Technologies AG

Figure 7.1: Offline Client Splash Screen

Since the application was designed for both expert users and non-expert
users, therefore there are two possibilities to get a solution. For expert users, a
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design can be created directly from the File menu as shown in figure 7.2. The user
has to choose the topology, mode of operations as well as number of output voltages.
For this approach, the user has to choose every major component manually.
Alternatively, a design can be automatically generated from an optimizer by
invoking “New Optimizer” command as shown in figure 7.3. The Optimizer asks for
key input parameters and then lists all possible designs. This approach is very
simple suitable for non-expert users. However, it is also suitable for expert users by
allowing default values manipulation and sets of considered components
modification.

[7=] Infineon Technologies - Instant Professional SMPS Solution - ¥1.4 Beta Release
Iﬁ Optimizer DataSet  window  About
Mew Design — # Fleback Topology  * Discontinuous Conduction Mode Single Oukpuk
Cpen r Continuous Conduction Maode
Save Quasi-Resonance

Bimnst Topolagy Mulkiple Cukpuks

Save s
Close

Exit Program

Figure 7.2: Getting a new design from scratch

[#=] Infineon Technologies - Instant Profess
File | Optimizer DakaSet  ‘Window  About

Mew Opkimizer

Figure 7.3: Getting a new design from an optimizer

7.1.1 SMPS Design

The SMPS design window as shown in figure 7.4 represents a design in the
application i.e. one design one SMPS design window. There are three major parts
in this window: input section, data items section and warning section. The input
section as shown in figure 7.5 consists of combo boxes for choosing the CoolSET,
Transformer Core and MOSFET. MOSFET combo box is disabled when the chosen
CoolSET cannot use external MOSFET. Moreover, on the right area of the section,
there are two check boxes and a button. The first check box is to specify whether
the current design uses a heat sink or not. Remind that not all CoolSET can use a
heat sink therefore if it cannot use a heat sink, the check box is disabled. The
second check box is to specify if the copper area is used. Only a heat sink or a
copper may be used at once. The export button is used to export the design to an
Excel sheet. In addition, for multiple outputs design, the number of output voltages
can be changed in the range of two up to ten.
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[~ sMPs Design {3) Flyback DCM Multiple Dutputs - New Design ;Iglil
] Transformer Core: E1E hd Export |
MOSFET: |<Not 1 sady j Outputs: I 23: ™ Use Heat Sirk [T Use Copper Area
Section: nput
Walue Unit  Description Reference !
3 1 ¥ WaCmax 270 Max. AC Input Woltage [0 DC sournce]
2 ¥ WACmin 25y Min. AC Input Yaltage [0 if DC source]
1 ¥ WDCIMRipple 30 Max. Input Ripple Voltage (01 DC source]
4 ¥ WOCmas_inp 0 Max. OC Input Woltage [0if AC source]
5 V¥  YDCmin_inp IR Min. DC Input Yaltage [0 if AC source]
£ ¥ QPO _w¥ouT 5,00 Outdn: Dutput Wolkage
F apPo_lauT 200 & Ot Dutput Current
g [ oPm_pout 10,00 w Outi: Dutput Power
1 ¥ OrP01_WFDIODE 055 Outi: Forward Voltage of Output Diode
i V¥ oPoz_vauTt 12,00 Out02: Dutput Yoltage
1n M ar0z2_louT 1.00 A Outd2: Dutput Current
12 [T oPoz_FouT 1200w Ot Dutput Power
13 ¥ QrP02_WYFDIODE 055 Outd2: Forward Yoltage of Output Diode
14 ¥ v 15,00 Auiliary Supply Yoltage
15 ¥ POUTmax 26.4 W bz Dutput Power
16 [ POUThom 22,0 Mormial Qutput Power | _ILI
4 »

Input ITIansformerI Dutput Slagel Lossesl Hegulalionl

Code | Description | Resolution

3 csoo1 The Junction Temperature must be maintained not exceeding 150°C Reconzider the Heat Dissipator e.g. Heat
TFOO The Bmax iz too lange Adjuzt number of transformer turns
TFOO3 Too high Current Density on Primary ‘Winding Adjust the Primary “winding

| | |

Figure 7.4: SMPS design window

CoolSET:

Transformner Core: E1E A E xport |

MOSFET:  |<Mot Used: j Outputs: I 23: I™ | Use Heat Sif: [ Use Copper Area

Figure 7.5: Input section of the SMPS design window

The second section, the data items section, shows all data items of the
design categorized in defined groups. Each group is represented by a tab page. As
shown in figure 7.6, there are five groups. Each tab page consists of a data grid
with data items of that group. The data grid has seven columns: sequence, input
flag, symbol, value, unit, description and reference. The sequence column refers to
the sequence number of the data item of the whole design calculation. The Input
flag specifies whether the value of that data item can be changed or not. The
symbol, value, unit and description column are self-explained. The reference
column shows where the equation comes from or gives a hint on how to choose the
value. The change of value will affect the data items having higher sequence
number e.g. change of sequence number one’s value will affect data items with
sequence number two upwards. In addition, changes in the input section also affect
data items as well.
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Sechon: [nput
Seq. lslnput Symbal Walue Unit  Description Fieference !
3 1 ¥ waCmax 270 M aw. AC Input Yoltage (0 if DC source)
2 ¥ waCmin a5 Iin. AC Input Waoltage [0 if DC zource)
3 ¥ vDOINR ipplz any Max. Input Ripple Yaoltage [0if DC source]
4 ¥ YDCmax_inp o Max. DC Input Voltage [0 F AC source]
5 ¥ WDCmin_inp oy in. DC Input Yoltage (0 AC source)
£ ¥ 0oPo_wout 5.00% Out01: Dutput Yaltage
7 ¥ oPo_iout 2004 Out01: Dutput Current
g [ 0oPm_POUT 10,00 Out01: Dutput Power
3 ¥ OPO_WFDIODE 0a5Y Outd1: Forward Woltage of Output Diode
0 ¥ opozwaouT 12,00 Outd2: Dutput Yoltage
n ¥ OrP0Z_10uT 1.00 04 Out02: Output Current
12 [T orPoz_PouT 12,000 Out2: Output Power
12 ¥ o POZ_WFDIODE 055 Outd2: Forward VWolkage of Output Diode
14 ¥ vau 15,00 Aumiliary Supply Voltage
15 |7 POUTmax 264w b . Output Pawer
1% [ POUTham 22,0 Parmial Clukput Poweer [ _'LI
4 3

Input ITIansformetI Output Slagel Lossesl Hegulalionl

Figure 7.6: Data items section of the SMPS design window

The last section, the warning section as shown in figure 7.7, shows a list of
warnings produced by the design. The list is represented by a data grid consisting
of three columns: code, description and resolution. If the warning item is clicked,
the data items section may point to the data item where the problem of that
warning can be solved.

Code | Dezcription | Fiezolution

» CSom The Junction Temperature must be maintained not exceeding 150°C Fecongider the Heat Dizzipator e.g9. Heat
TFOO1 The Emax is too large Adjust number of tranzformer turnz
TFOO3 Too high Current Dengity on Primary 'winding Adijust the Primany “winding

4| | i

Figure 7.7: Warning section of the SMPS design window

7.1.2 Optimizer

The optimizer window is dedicated not only to non-expert users but also
expert users. With the simplicity of the input process i.e. only few parameters are
requested, it is very easy to use for non-expert users who have not much experience
in the SMPS applications. However, it is also favorable for expert users who would
like to play in detail parameters but do not want to manually try each combination
of major components. The default values can be manipulated as well as sets of
considered components. The optimizer window shown in figure 7.8 consists of three
main tab pages: Basic Inputs, Advanced Inputs and Solutions.

The first tab, Basic Inputs, has four parts. The first part on the topmost left-
hand side asks for the input voltage range which can be either alternating current
(AC) or direct current (DC). The middle left-hand side part asks for the ambient
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temperature. The lowermost left-hand side part is where the user can choose the
topology/mode of the design. In addition, it requests additional topology/mode
dependent key input parameters e.g. the Flyback DCM requires no additional
topology/mode dependent key input parameters while the Flyback Quasi-
Resonance shown in figure 7.9 requires two additional topology/mode dependent
key input parameters.

AL Optimizer for Flyback DCM Single Output 1ol =|
ol eET: Single Output|Multiple Qutputs]|
i+ SEVAC-270VAL  190AC-2F VAL i~ Line Output Voltage

Other AC/DC Range

Output Yaltage: I W
& AL Fange: I WAL - I WAL

€D Fange: I YDE - I vDe — Dutput Power [Mominal)
= 10w 20 3w
—Ambient Temperatue L1 ) Bl  BOW
Pl B Ay
+ BO°C  75C 105°C
00 Ll 111 0 2000
¢ Other. I = " Other: I_W

— TopologpMode
[FB-DCM | FB-CCM | FB-GR |

Flyback T opology - Digscontinuous Conduchon Mode

Basic Inputs |Advanced Inputs Solutionsl Find Solution |

Figure 7.8: Optimizer window

— T opology/Mode

FB-DCM | FB-CCM |[FB-GR |

Flyback T opology - Quasi-R esonance

Switching Frequency: I kHz
Frequency of the Second Dzcillation: I kHz

Figure 7.9: Topology/mode dependent key input parameters

The right-hand side part of the Basic Inputs consists of two tab pages: one
for single output and the other for multiple outputs. The tab page also determines
whether the solution will be single output or multiple outputs. For single output
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tab page, it asks for the output voltage and the nominal output power. The
multiple outputs tab page shown in figure 7.10 allows users to choose from two up
to ten output voltages. For each output, the output voltage and the output current
have to be specified. Remind that only the first output will be regulated.

Single QOutput Multiple Outputsl

[¥ Output 01 Valtage
[ Output 02: Voltage
[T Output 03; Yaltage
[T Output 04: Yaltage
[T Output 05 Yaltage
[T Output 05; Yaltage
[ Output 07: Yoltage
[T Output 08; Yaltage
[T Output 0% Yaltage
[T Output 10: Yaltage

W Current
W Current
W Current
W Current
W Current
W Current
W Current
W Current
W Current
W Current

T ]

r F Fr F Ir F I I I I

RN

Mote: The First Output is regulsted

Figure 7.10: Multiple outputs tab page

Each input text box is controlled by the value validation control. All
required inputs must be given before the “FindSolution” button is clicked. Some
input has a valid range so the given value must be within the valid range. If there
is any rule violation e.g. input missing, value out of valid range, the user will be
notified by the red circle with a white exclamation symbol as shown in figure 7.11.
Unless all notifications are cleared, the finding solution process will not proceed.

Line Output ¥Yoltage
Output Yoltage:

o v

| This Field must be given|
[~ Dutput Power [Nominal] 1

Figure 7.11: Input missing notification
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The second tab, Advanced Inputs, is dedicated for expert users to play with
detail parameters. It consists of five sub tab pages. The Heat Dissipater tab page
has two parts. The upper part shown in figure 7.12 asks for the maximum allowed
junction temperature. Typically, this value is set to 150°C however the user can
decrease the limit to the lower temperature for some applications which heat is a
potential concern. The lower part shown in figure 7.13a allows the user to choose
the considered heat dissipaters. By default, all existing heat dissipater including
customized items are selected. The “Check All” and “Uncheck All” buttons are
provided for the user‘s convenience.

M aximum Allowed Junction T emperabse

bd axirnum &llowed Junction Temperature: I 150 °C

Figure 7.12: Maximum allowed junction temperature setting

~ConsideredHeat Dissi
Cudieal o
HSZ1K AW
HS18KAY
HS 14K
HST1R AN
HS 7K A
HS5 Bk
Hs2 7k
HSTK A
Check Al Uncheck Al
et e e T —Considered External MOSFET.
E6 SPROZNGOC [ SPAGGNSOCE [ SPR2ONEeCa
E20 ] SPPIZNSOCZ [0 GPPOSNEOC [ SPACONGGC3
E25 I SPAIZNBOC3 [0 GPADSNBOCI [ SPPZINSOC3
En SPROINGOC3 SPPIINBICZ [ SPAZINSOC3
ER SPADINGOC3 SPATTNGICE SPR24NEOCE
ETDZ9 ] SPPOMNSICZ [ SPRITNESCS
ETD230 ] SPAMNSICZ [ SPATINGSC3
ETDI0 SPPONEIC [ SPPTTNSIC3
ETD3 SPAOMNEIC [ SPATINBIC3
] SPPMNSOCZ [ SPRIZNSIC3
O] SPAMNSOCZ [ SPAIZNSOC3
SPPOBNGOCA SPPISNBICA
[ SPPOENSOC3 SPATENEICS
] 5PADENSOCZ [ SPPIGNSAC3
SPROTNEOC [ SPATENSOCE
SPAOTNGOCI [ SPPI7NBOC3
C]SPPOVNESCZ [ SPAT7NANC3
] SPAITNGSC3 SPP2ONBICE
] SPPOBNSOCE SPA2INBICE
Checkal | Uncheckal | Check &l Uncheck A1

Figure 7.13: a) Considered heat dissipaters,
b) Considered transformer cores and c¢) Considered external MOSFETs
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The Transformer Cores tab shown in figure 7.13b, allows the user to choose
the considered transformer cores. Generally, all existing transformer cores
including customized items are selected. The External MOSFETs tab shown in
figure 7.13c enables the selection of the considered external MOSFETSs. Normally,
the 600V MOSFETSs as well as customized items are chosen.

The Default Values tab shown in figure 7.14 allows the user to manipulate
default values. All required default values for the optimizer of the chosen
topology/mode are populated in the data grid. Here users have to change values
with their own risk.

Default Value List

Symbol WValue Unit S

Alpha 0ga Form Factor

Beta 033 Huysteresis Factor Single Ende
Cent 0pF [O=dutornatic] Estimated Exte
CosFie 0.0 A constant uzed in 1ACRMS ¢
deltav 0T [IRTIRN Max Wolage Owvershoot at O
Efficiency 0z [D=dutomatic) Preferred E Ficie
A a0 Hz Lire Freguency

fCu 030 Copper Space Factaor

fa 30kHz  0dE Croszover Frequency
Gap 050 ram Air Gap

Ge 100 % Optacoupler G ain

IFmax 20,000 e tax. Current for O ptocoupler
1K Amin 1.00 mé, bin. Current for TL431/T LW 4.
IMSp 0.02 mm Insulation Thickness on Primz
IMSs 010 mm Insulation Thickness on Seco
Leakagelnductance 3% Leakage Inductance as % of
LauT 1.0 pH LC-filter Inductance YWalus

[ 0 rrri Margin accarding ta Safety St
| »

Figure 7.14: Default value list

The Warnings tab has a check box to specify whether the optimizer should
neglect non-critical warnings occurred during optimization or not. This would
result more solutions. It is unchecked by default and not recommended.

[ Meglect Non-Critical ‘% amings [NOT Recommended)

Figure 7.15: Neglecting non-critical warnings check box

The third tab page, solutions, shows results from the optimization. As
shown in figure 7.16, the topmost area is the product filter where the user can
specify the scope of interested products: all products, only hybrid products and only
discrete products. Below the topmost area, there is a data grid showing the
recommended optimal solution. In order to get a detail calculation, the user has to
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click “Choose Solution” button. It will populate a new SMPS design window filled

with the chosen solution data

Typically, the solution data grid consists of eight columns: CoolSET,
Packaging, MOSFET, Heat Dissipater, Transformer Core, Maximum Junction

Temperature, Total Power Losses and Expected Efficiency.

1l Optimizer for Flyback DCM Single Output 1Ol x|

All Products Only Hybrid Products Only Discrete Products

Recommended Optimal Instant Solution
ConlSET MOSFET
ICE3B05E5) M

TFCare Plosses [w]  Efficiency (%]

E20

HeatDissipater Timax [*C)

Cudreal cm®

Packaging
PG-DIP-5-6

3 Choose Solution

[ Show Al Possible Instant Solutions

FlyBack-DCM Single Output

Basic Inputs | Advanced Inputs Solutions Fd S luton |

Figure 7.16: Solutions tab showing the recommended optimal solution

There 1s a check box “Show All Possible Instant Solutions” below the first
data grid. If this check box is checked, the recommended optimal solution is hidden

and the all possible solutions data grid is shown as figure 7.17.
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il Optimizer for Flyback DCM Single Output _ ||:||1|

All Products Only Hybrid Products Only Discrete Products

¥ Show All Pazsible Instant 5 olutions

Possible Instant Solutions

Pa ing MOSFET HeatDissipat TFCare Timax ['T) ] ]
ICE3BOBER] FPG-DIF-2-6 Cudrealemrd E20 143.4 E.29 EE.51
|CE 340865 FPG-DIP-2-6 [ ES Cudrealcmd E20 1339.9 E.20 EE.24
|ICE3BOBER FPG-DIF-2-6 [ ES Cudrealemrd E20 1371 E17 EE.25
ICE3408ERS  PG-DIP-7-1 [ ES Cudrealcmd E20 T46.E E.20 EE.24
ICE2808E5G  P-DSO-16/M12  MA4 Cudrealemrd E32 1485 h.84 E7.73
|CE 240865 F-DIF-8-6 [ ES Cudrealcmd E20 1415 E.26 EE.30
|ICEZ2B0BER F-DIF-8-6 [ ES Cudrealemrd E20 1385 E.23 EE.30
ICE2408652  P-DIP-7-1 [ ES Cudrealcmd E20 1483 E.26 EE.30
ICE341065 FPG-DIF-2-6 [ ES Cudrealemrd E20 1067 579 E7.76
ICE3B10ER FPG-DIP-2-6 [ ES Cudrealcmd E20 1049 R77 E7.74
ICE241E5 F-DIF-8-6 [ ES Cudrealemrd E20 1086 h.86 E7.75 ;I

Efficien

FlyBack-DCM Single Output 3 Choose Solution |

Basic Inputs | Advanced Inputs Solutions Find S olution |

Figure 7.17: Solutions tab showing all possible solutions

7.1.3 Check New DataSet

The check new dataset command as shown in figure 7.18a is used to check
whether the offline dataset is up to date or not. It first requests the new data digest
from the web service supplying a challenge randomized number. After getting the
data, it verifies with the existing dataset whether the digest is identical or not. If
not, the new data transmission begins. The complete sequence flow can be seen in
the section 7.2.

[ Infineon Technologies - Instant Professiony [~ Infineon Technologies - Instant Profes

File  Optimizer | DataSet ‘Window — About File optimizer | Dataget  Window About
Check New DataSet

Cuskomize

Figure 7.18: a) Check New DataSet command and b) Customize command
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7.1.4 Customize Components

The customize command shown in figure 7.18b allows the user to customize
heat dissipaters, transformer cores and MOSFETSs. There are three tab pages in
the customize window. The first tab shown in figure 7.19, heat dissipaters, provides
the possibility to customize five copper areas and five heat sinks. The second tab,
transformer cores shown in figure 7.20, allows the user customizing up to four
transformer cores. The last tab, external MOSFETSs shown in figure 7.21, lets the
user customize up to four external MOSFETSs.

=

Heat Dissipaters ITransh:lrmer Cores|External MOSFETs|

—Customized Copper Area

™ CusreaCusl RthCudrea: I— K
™ CubreaCus2  RthCubeas [ Kw
™ CutrealCus3 RthCudrea: I— K
[~ CutreaCusd RthCusrea: I— K
" CutrealCush RthCudrea: I— K

— Customized Heat Sink

[~ H5-Cust RthHS: I K

[~ HS-Cus2 RthHS: | K
[~ H5-Cus3 RthHS: I [
[~ H5-Cusd RthHS: I kA
[~ H5-Cuss RthHS: I Ko
NOTE: Customized values will not be kept after the program ends! Apply Cancel

Figure 7.19: Customized heat dissipaters
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Figure 7.20: Customized transformer cores

Figure 7.21: Customized external MOSFET's



Chapter 7 — Implementation

65

7.2 Web Service

The web service shown in figure 7.22 is provided in order to periodically
update the offline client dataset. The offline client invokes the web service which
then gathers data from the underlying database. With the benefit of web service of
encoding all transmitting data in XML-based text stream, problems with firewalls
are minimal. In addition, the web service can be invoked from anywhere around
the world where Internet is available. Since the web service provides a web method
which is basically similar to conventional methods in term of usage, users do not
have to manually download and update the dataset. Users can easily click a button
and all the update process is done automatically. The simplified class declaration
in VB.Net is shown in listing 7.1.

; IPSDataUpdate Web Service - Infineon Technologies

_|ol x|
File Edit “iew Favorites Tools  Help ﬁ
‘= Back - = - @ fat | @Search (3] Favorites @Media ®| I%. = N= .

Address Iﬂil http:ffaspexl muc.infinean. comfsmps % SFips%e5Fser vice ¥ 5F dev | IPSDatalpdate. asmx j @Go Links ** @ -

IPSDataUpdate )

The following operations are supported. For a formal definition, please review the Service Description,

» getUpdatedDataSet

¢ getHashDigest

-
< | »

|@ l_ I_ l_ Local intranet i

Figure 7.22: Data update web service

Listing 7.1: Class Declaration in VB.Net (simplified): IPSDataUpdate

<System.Web.Services.WebService( _
Namespace:="http://www. infineon.com/IPS/1PSDataUpdate')>
Public Class IPSDataUpdate
Inherits System.Web.Services.WebService

<WebMethod()> Public Function getUpdatedDataSet() As DataSet
<WebMethod()> Public Function getHashDigest(Byval _
challengingString As String) As String
End Class

The sequence diagram of the data update process is shown in figure 7.23.
When a user requests an update by invoking the “getHashDigest” web method
supplying a challenge randomized number in hexadecimal string encoded, the web
service retrieves the actual data from the database. The data is then concatenated
with the challenge randomized number. Afterwards, the concatenated data 1is
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hashed using SHA-5121!! hash function and returned to the client. The client
concatenates the existing dataset with the challenge randomized number and
hashes them with SHA-512 function. The client now can compare both hash digests
whether they are identical or not. If not, the client invokes the “getUpdateDataSet”
web method. The data is then transmitted to the client.

C % o

Client Web Service Database

Request Data Digest, i

Request Data

Data

SHA-512(Data & i)

Confirm Data Transmission

Data

Figure 7.23: Data update process

7.3 Web Application

The functionalities of the web application are similar to the offline client.
Unfortunately, due to technology limitations some features cannot be implemented
in the web application. For an instance, the solutions caching mechanism has a
problem with customized components and customized default values. In addition,
to avoid unnecessary memory consumption on the server, the session time is
introduced to limit the life time of the session data. The limited number of designs
can be stored during the session. The sample screen of the web application is
shown in figure 7.24. The web application is suitable for users who do not want to
install an offline client into their computers. With the limitation in term of features,
it might fulfill only basic queries. For advanced queries, it is recommended to use
the offline client instead.

11 Secure Hash Algorithm 512 bits
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a Instant Professional SMPS Solution - Infineon Technologies ;Iglﬂ

Fle Edit View Favorites Tools  Help ﬁ
aBack -~ = - @ 7t | @Search [ Favorites @Media a | %v =h E - Ai

Address I@ hitbpe aspod uc.infineon, comyipsfindes. bt ﬂ &G ‘ Links **

Tnfineon Instant Professional SMPS Solution

Login: EU'sintanav

Never stop thinkinDesign: llililllil Add | Removel Save | =l

Mlew Query Back View All ltems | Excel Export |

CoolSET: ||cE380565J hd TF Core: E20 hd
Download
CoolMOS: |Nm Used = [T Use Heat Sink I Use Copper Area

& -

Powered by AIM PMD CP M2

Developed by
Winon Sinianaveving ¢ omplete Calculation: FlyBack-DCM Single Output

Under Supervision of Seq IsInput Symbol Value Unit Description Reference

Bainer Kling 1 ¥ VACMax ZF0W  Max. AC Input Voltags (0 if DG source) Edit
2 I WACmin 25 % Min. AC Input Woltage (0 if DT source) Edit
MNote: Session time is X X .
setto 120 minutes! Th 3 P VDCIMRipple 30V Max Input Ripple Yoltage (0 if DC source) Edit
time is caunting from tt g ; Edit
first time yau enter this F  WDCmax_inp 0% Max. DC Input Woltage ([0if AC source) i
wieh site. F  WDCmin_inp 0% Min. DC Input Woltage [0 if AC source) Edit
You have to finish usingé F vouT 500 OulputVoltage Edit
the tool by that time - -
otherwise all saved 7 F VAux 18500 % Auxiliary Supply Woltage ﬂl
iablesid Il ’
p g ey B POUTMax 122W  Max Outpul Power Edi
I POUTnom 100w Mormizl Qutput Power Edit -
Closing all hrowser's 2 —I =l
windows will result as Since this application is under development, it may sometimes not be accessible. If you hawve any suggestion, please send us an email
same as the session
times out! © 2005 Infineon Technologies. Last modification: Dec 14, 2005 13:10 by Sintanavevong, Y¥Witoon
Core:1.0.2173.18108 UL1.0.2173.18119
|@ Dione '_’_ ’_ E Local intranet 4

Figure 7.24: Web application
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Conclusion

The Solution Optimizer for SMPS Solutions greatly helps users find
appropriate combination of electronic components. This could not be done
effectively and efficiently in the former time when the manual selection was the
only possibility. The optimizer also provides an opportunity for non-expert users
who have little or no experience in SMPS applications to get a complete design
without much effort.

The problem was analyzed and modeled as a tree. Each node represents a
combination of major electronic components used in a solution. The leave nodes
represent solutions which can be either valid or invalid. Validation rules were
defined to scope down possibilities. The validation takes place for every step
choosing a new node in the path. Due to the simplicity of the tree model, the
backtracking approach was chosen.

The object model was designed in a dynamic and flexible manner. It focuses
mainly on the controller ICs. The topologies and modes of operation are
represented by interfaces in which product classes could implement. Variables and
equations are represented by properties of the product class. The descriptive
information of each property is provided using an attribute class enabling this
information to be read dynamically at run-time via .NET reflection mechanism.

User interfaces were implemented in three parts: offline client, web service
and web application. The offline client provides a possibility to do an optimization
at local computer without connecting to the server. The dataset can be periodically
updated via a simple update command which automatically connects to the web
service. Solutions can be saved into an XML-based file. In addition, to ensure the
consistency of the saved file, the XML schema validation is used. The second part,
web service, provides a data update service which connects to the underlying
database gathering new data. The last part, web application, provides users a
possibility to find optimal solution online. The main features are similar to the
offline client but due to technology limitations, some features cannot be
implemented. The additional technique used in the web application is the caching
of requests and solutions. This considerably helps reduce execution time which
gives better responsiveness to online users.
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Appendix A
IPS Design XML Schema

XML-based IPS design files (typically with .ips extension) can be easily
controlled by the XML Schema validation to ensure the file consistency avoiding
errors in reconstructing an object model of the design. Thus the XML schema is
defined as the following:

<!--IPS Design XML Schema version 1.0
Infineon Technologies AG, AIM PMD CP M2
By Witoon Sintanavevong
-—>
<xsd:schema xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
id="IPSDesign" xmlns:ips="http://www.infineon.com/aim/pmd/cp/m2/ips"
targetNamespace="http://www.infineon.com/aim/pmd/cp/m2/ips" >
<xsd:complexType name="OutputType">
<xsd:sequence>
<xsd:element name="Number" type="xsd:integer" />
<xsd:element name="VOUT" type="xsd:double" />
<xsd:element name="IOUT" type="xsd:double" />
<xsd:element name="VFDIODE" type="xsd:double" />
<xsd:element name="Asec AWG" type="xsd:double" />
<xsd:element name="INSs" type="xsd:double" />
<xsd:element name="NPs" type="xsd:integer" />
<xsd:element name="Ns" type="xsd:integer" />
<xsd:element name="VCOUT" type="xsd:double" />
<xsd:element name="COUT" type="xsd:double" />
<xsd:element name="RESR" type="xsd:double" />
<xsd:element name="Iacmax" type="xsd:double" />
<xsd:element name="nc" type="xsd:integer" />
<xsd:element name="VCLC" type="xsd:double" />
<xsd:element name="CLC" type="xsd:double" />
<xsd:element name="LOUT" type="xsd:double" />
</xsd:sequence>
</xsd:complexType>
<xsd:element name="Output" type="ips:OutputType" />
<xsd:complexType name="TransformerCoreType">
<xsd:sequence>
<xsd:element name="TFName" type="xsd:string" />
<xsd:element name="Type" type="xsd:string" />
<xsd:element name="Material" type="xsd:string" />
<xsd:element name="Pmax" type="xsd:double" />
<xsd:element name="BW" type="xsd:double" />
<xsd:element name="AN" type="xsd:double" />
<xsd:element name="Ae" type="xsd:double" />
<xsd:element name="Bmax" type="xsd:double" />
<xsd:element name="Gap" type="xsd:double" />
<xsd:element name="le" type="xsd:double" />
<xsd:element name="1N" type="xsd:double" />
<xsd:element name="PV" type="xsd:double" />
<xsd:element name="K1" type="xsd:double" />
<xsd:element name="K2" type="xsd:double" />
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<xsd:element name="Ve" type="xsd:double" />
</xsd:sequence>
</xsd:complexType>
<xsd:element name="TransformerCore" type="ips:TransformerCoreType" />
<xsd:complexType name="MOSFETType">
<xsd:sequence>
<xsd:element name="MOSFETName" type="xsd:string" />
<xsd:element name="MOSFETSortableName" type="xsd:string" />
<xsd:element name="Voltage" type="xsd:double" />
<xsd:element name="IDAt25C" type="xsd:double" />
<xsd:element name="RDSonAt25C" type="xsd:double" />
<xsd:element name="Coer" type="xsd:double" />
<xsd:element name="Tj" type="xsd:double" />
<xsd:element name="RthJA" type="xsd:double" />
<xsd:element name="RthJC" type="xsd:double" />
<xsd:element name="Alpha" type="xsd:double" />
</xsd:sequence>
</xsd:complexType>
<xsd:element name="MOSFET" type="ips:MOSFETType" />
<xsd:complexType name="FlyBackType">
<xsd:sequence>
<xsd:element name="CosFie" type="xsd:double" />
<xsd:element name="Efficiency" type="xsd:double" />
<xsd:element name="fAC" type="xsd:double" />
<xsd:element name="Gc" type="xsd:double" />
<xsd:element name="POUTmax" type="xsd:double" />
<xsd:element name="POUTmin" type="xsd:double" />
<xsd:element name="POUTnom" type="xsd:double" />
<xsd:element name="VACmax" type="xsd:double" />
<xsd:element name="VACmin" type="xsd:double" />
<xsd:element name="VDCmax_inp" type="xsd:double" />
<xsd:element name="VDCmin inp" type="xsd:double" />
<xsd:element name="VAux" type="xsd:double" />
<xsd:element name="VDCINRipple" type="xsd:double" />
<xsd:element name="VRmax" type="xsd:double" />
<xsd:element name="Tj" type="xsd:double" />
<xsd:element name="CIN" type="xsd:double" />
<xsd:element name="Np" type="xsd:integer" />
<xsd:element name="NAux" type="xsd:integer" />
<xsd:element name="fCu" type="xsd:double" />
<xsd:element name="M" type="xsd:double" />
<xsd:element name="Ap AWG" type="xsd:double" />
<xsd:element name="INSp" type="xsd:double" />
<xsd:element name="NPp" type="xsd:integer" />
<xsd:element name="VFAux" type="xsd:double" />
<xsd:element name="RSense" type="xsd:double" />
<xsd:element name="LeakageInductance" type="xsd:double" />
<xsd:element name="CClamp" type="xsd:double" />
<xsd:element name="RClamp" type="xsd:double" />
<xsd:element name="DeltaVOUT" type="xsd:double" />
<xsd:element name="nCP" type="xsd:integer" />
<xsd:element name="VCOUT" type="xsd:double" />
<xsd:element name="COUT" type="xsd:double" />
<xsd:element name="RESR" type="xsd:double" />
<xsd:element name="Iacmax" type="xsd:double" />
<xsd:element name="nc" type="xsd:integer" />
<xsd:element name="CLC" type="xsd:double" />
<xsd:element name="LOUT" type="xsd:double" />
<xsd:element name="tSstart" type="xsd:double" />
<xsd:element name="CSS" type="xsd:double" />
<xsd:element name="CVCC" type="xsd:double" />
<xsd:element name="Cext" type="xsd:double" />
<xsd:element name="VF" type="xsd:double" />
<xsd:element name="Alpha" type="xsd:double" />
<xsd:element name="Beta" type="xsd:double" />
<xsd:element name="pl00" type="xsd:double" />
<xsd:element name="Ta" type="xsd:double" />
<xsd:element name="VREF_TD" type="xsd:double" />
<xsd:element name="VFD TD" type="xsd:double" />
<xsd:element name="IKAmin" type="xsd:double" />
<xsd:element name="IFmax" type="xsd:double" />
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<xsd:element name="R2" type="xsd:double" />
<xsd:element name="fg" type="xsd:double" />
<xsd:element name="R1" type="xsd:double" />
<xsd:element name="R3" type="xsd:double" />
<xsd:element name="R4" type="xsd:double" />
<xsd:element name="R5" type="xsd:double" />
<xsd:element name="C2" type="xsd:double" />
<xsd:element name=fCl" type="xs§:double" />
<xgd:element ref="ips:Output" minOccurs="1" maxOccurs="unbounded" />
<xsd:element name="IChargeC" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="RStart" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="f" type="xsd:double" minOccurs="0"
maxOccurs="1" />
<xsd:element name="f0OSC2" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="Rtdnl" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="Rtdn2" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="Ctdn3" type="xsd:double"
minOccurs="0" maxOccurs="1" />
<xsd:element name="deltalIL" type="xsd:double"
minOccurs="0" maxOccurs="1" />
</xsd:sequence>
</xsd:complexType>
<xsd:element name="FlyBack" type="ips:FlyBackType" />
<xsd:complexType name="IPSDesignType">
<xsd:sequence>
<xsd:element name="CoolSETName" type="xsd:string" />
<xsd:element ref="ips:TransformerCore" />
<xsd:element ref="ips:MOSFET" minOccurs="0" />
<xsd:element name="UseHeatSink" type="xsd:boolean" />
<xsd:element name="UseCulArea" type="xsd:boolean" />
<xsd:element name="RthCuArea" type="xsd:double" />
<xsd:element name="RthHT" type="xsd:double" />
<xsd:element name="RthHS" type="xsd:double" />
<xsg:eiement name="Topology" type="xsd:string" />
<xsd:choice>
<xsd:element ref="ips:FlyBack" />
</xsd:choice>
</xsd:sequence>
<xsd:attribute name="Version" type="xsd:string" use="required" />
</xsd:complexType>
<xsd:element name="IPSDesign" type="ips:IPSDesignType" />
</xsd:schemas>
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SMPS Design Procedure

Since there are so many design procedures varying from topology to topology
and from mode to mode, in order to have a rough understanding of how the SMPS
design could be calculated, a complete simple SMPS design procedure is shown in
this section: the design procedure for fixed-frequency single-output Flyback

Converter with Infineon CoolSET ICE2xXXX operating

Conduction Mode.

in Discontinuous

Table B.1: Design procedure for Flyback DCM using CoolSET-F2

| Procedure

Example

Define Input Parameters:-

Max. AC Input Voltage:

Min. AC Output Voltage:
Max. Input Ripple Current:
Output Voltage:

Auxiliary Voltage:

Max. Output Power:

Nom. Output Power:

Min. Output Power:

Preferred Efficiency:
Optocoupler Gain:

Max. Reflected Output Voltage:
Line Frequency:

Fwd. Voltage of Output Diode:

Fwd. Voltage of Aux. Out. Diode:

Ambient Temperature:

CoolSET:

Switching Frequency:
Breakdown Voltage:

Typ. Peak Current Limitation:
Typ. Feedback Resistance:
Typ. Trimmed Ref. Voltage:
Min. Soft-Start Resistance:

Min. Act. Lim. Of OL/OPL Dect.:

Max. Start-up Current:
Max. VCC Current Act. Gate:

VACmax
VAcmin
VDCIN Ripple
Vour
VAux
Pourmax
POUTnom
Pourmin
Llp

Ge
VRmax
fac
VF¥pI0DE
VF‘aux

Ta

f
VBR_DsS
Vcsth
Rrs
VREF
Rss
Vss1
Iveer
Ivees

264V
90V
30V
16 V
12V
50 W
40 W
0.5W
85 %
100 %
120 V
50 Hz
0.85V
0.85V
50 °C

ICE2A0365
100 kHz
650 V
1V
3.7 kQ
6.5V
42 kQ
5.15V
55 nA
9.8 mA
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure Example
Typ. VCC On/Off Hysteresis: Veeny 5V
Typ. VCC Turn-On Threshold: Vecon 135V
Typ. Drain Source On Resistance: Rpsona2s°c 0.45 Q
Typ. Eff. Output Capacitance: Coer) 30 pF
Max. Thermal Resistance J-A: Ritnhsa 90 K/'W
Typ. PWM-OP Gain: Ay 3.65
Max. Operating FB Voltage: VEBmax 4.6V
There is no special requirement imposed on
the input rectifier and storage capacitor in
the Flyback converter. The components will
be chosen to meet the power rating and hold-
up requirements.
Max. Input Power:
P 50w
P _ [ OUTmax_ _ _
IN mex 7 (Eq. 1) Nmax = geor 58.8W
Input Diode Bride:
Power Factor cos@ 0.6
Input RMS Current:
P 58.8W
I acrms = —— (Eq. 2) =———=1.09A
Vacmin - COS @ ACRYS 90V - 0.6
Max. DC Input Voltage:
Vocmaxpk =Y acmax \/E (Eq.3)  [Vipcmapx =264V \/E =373.4V

Input Capacitor:
Min. Peak Input Voltage at no load condition:

VDC min PK :VAC min \/E (Eq. 4)

VDCmin_pre :VDCmin PK _VDCINRippIe (Eq. 5)

Discharging time at each half-line cycle:

arCSin VDC min_pre

DC min PK

90

(Eq. 6)

Required Energy at discharging time of
Input Capacitor:

W, =P Tp (Eq. 7)

N max

Vi minpx =90V -/2 =127.3V

Vocmin_pre =127.3V =30V =97.3V
. 97.3V
1 arcsin 1273
Tp = 11+ : =7.77Tms
4-.50Hz 90

W,, =58.8W -7.77ms = 0.46W -s
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure Example
Input Capacitor (cal.):
2-W 2-0.46W -s
Chna =gz 2 (Eq.8a) |Cin o = BEN R =135.7 4F

Alternatively, a rule of thumb of choosing
Input Capacitor may be applied:

Input Voltage Factor
115V 2uF/W
230V 1pnF/'W
85V...270V 2...3uF/'W
CIN_caI = I:)IN max factor (Eq. 8b)

Select an Input Capacitor from the Epcos
Databook of Aluminum Electrolytic
Capacitors

The following types are preferred:
For 85°C Applications:

Series B43303...
B43501...

2000hrs life time
10000hrs life time

For 105°C Applications:
Series B43504...
B43505...

2000hrs life time
5000hrs life time

Choose the Rated Voltage greater or equal to
the calculated VpcmaxPk

Choose the Capacitance greater or equal to
the calculated Cin_cal from Eq. 8a
Input Capacitor: Cix

Recalculation after Input Capacitor chosen:

2-W
VDCmin = \/VDZCminPK -

(Eq. 9)
IN

Note that special requirements for hold
up time, including cycle skip/dropout,
or other factors which affect the
resulting minimum DC input voltage
and capacitor time should be
considered at this point as well.

Ci e =58.8W -2.5‘\;\/—F =146.45,F

Since Vpcmaxpk = 373.4V, choose 400V

Since Cin_cal = 135.7pF, choose 150puF

150 pF

2-0.46W -s
50uF

Vocmin = \/(127.3\/)2 - =100.5V
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure Example
Transformer Design:

Max. Duty Cycle (preliminary):

Dinax pre = Vmax (Bq.10) D,y . ——2N ___ o544

Vimax +Vocmin w120V +100.5V

Peak Current of Primary Inductance (pre.):

Lok pre = VDcii'nF.)'E)”r‘:;— - Eaq. 11) |l e = % = 2.15A
RMS Current of Primary Inductance (pre.):

s = Lo e DmTp Bt 12) |1 s = 2.15A-\/0L;4 ~0.92A

Primary Inductance within the limit of
Max. Duty Cycle:

L _ Dmax_ pre 'VDCmin

P_pre
_p I f

(Eq. 13)

LPK _pre

Select Core Type and Inductance Factor (AL)
from Epcos "Ferrite Databook" or
CD-ROM "Passive Components".

Fix Max. Flux Density:

Typically, Bmax==0.2T...0.4T for Ferrite Cross
depending on Core Material.

We choose 300mT for Material N87.

Air Gap: Gap
Inductance Factor:
A =K, -Gap* (Eq. 14)
Number of Primary Inductance (cal.):

LP_ pre

Np o = (Eq. 15)

A

Choose the number of Primary Turns in
which makes the following conditions
satisfied:

- Dmax (Eq. 26) < 0.72 (typ. max. Dmax)

- (Dmax (Eq. 26) + D'max (Eq 27) < 1

- Bmax (Eq. 28) < Bmax of the Transformer Core
- Ns_cal (Eq. 16) very close to integer

- Maximum N possible

0.544-100.5V _ 954
2.15A-100kHz

P_pre —

1H

Select Core: E 25/13/7
Material = N87

BW = 15.6mm
Ax=61mm? In=50mm
Ae=52.5mm? Ki=90
le=57.5mm K2=-0.731

Pv =1.6W/Set @100°C, 100kHz, 200mT

0.6 mm

A =90-(0.6mm)*"" =130.74nH

N, o =222 44 08Turns
- ~1130.74nH
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

If there is no suitable value found, try to
increase the Gap by 0.1mm step until it
reaches Imm. Otherwise, increase the Input
Capacitor size by one step.

Number of Primary Turns: Np
Number of Secondary Turns (cal.):
NS_caI — Np '(VO\L;T +VFDIODE) (Eq. 16)
Rmax
Number of Secondary Turns: Ns
Number of Auxiliary Turns (cal.):
NAux cal = Ne .(VAUX Ve (Eq.17)
B Ve max
Number of Auxiliary Turns: Naux

Eff. IC Auxiliary Supply Voltage:

N ux
v 7A'(VOUT +VFDIODE)_VFAux (Eq. 18)

S

Aux_cal —

Eff. Primary Inductance:

L, =N2-A (Eq. 19)

Primary Peak Current before Rsense chosen:
2-P

I — IN max E . 20

LPK LP f (Eq )

Sense Resistor:

The Sense Resistance can be used to
individually define the max. peak current
and thus the max. power transmitted.
Caution:

When calculating the max. peak current,
short term peaks in output power must also
be taken into consideration.

Sense Resistor (cal.):

R _ Vcsth

Sense_cal | (Eq. 21)
LPK

42 Turns

42-(16V +0.85V )

Ng o = =5.9Turns
- 120V
6 Turns
N, = 42-(12v +0.85V) _ A5TurnS
- 120V
5 Turns
Vix_cal =%(16V +0.85/)-0.85V =13.2V

L, =(42)° -130.74nH = 231.H

| ok = 288N _ ;96
2314H -100kHz
R Y _442.76mo

Sense_cal — TGA
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure Example

Choose Sense Resistor from table E24 for
Resistance < 1Q and table E96 for > 1Q with
the closest lower value.

Sense Resistor: RSense 430 mQ

Power Rating of Sense Resistor:

Por = 1 2aus * Reonse (Eq. 22) |P,, =(0.98A) -430mQ = 0.41W
Eff. Primary Peak Current:
Vv v
| — csth | - - _ 2 A
LPK _SR RSense (Eq. 23) LPK _SR 430mO 33

Eff. Max. Output Power:
Pourma sk =3 Lo 1ok _sr*7Tp (BQ. 24) | Pour s sz = 5-100kHz - 2311H - (2.33A) -85% = 53W

Reflected Voltage:
Vour +V, ‘N .
V, = Vour [;DIODE) P (Eq. 25) |V, = (16V +0.85v)- 42 118V
s

Max. Turn-On Duty Cycle:

b el s f _ 231H - 2.33A-100kHz

=Ty (Eq.26) |D, 1005/ =0.536
Max. Turn-Off Duty Cycle:
D - Lo 1ok sr- f (Bq.27 |Dt 2 238A-100Hz o 0o

A 118V
Max. Flux Density:
B R (Eq.28) |B,, = uHH 2338 o ppmt
N, -A 42-52.5mm

Eff. Primary RMS Current:
| prus = D% lipk sk (Eq. 29) | lpys = @ .2.33A=0.98A

Eff. Secondary Peak Current:

N
lspk = lipk_sr 'N_P (Eq.30) |lgpy = 2.33A~% =16.31A
s
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Eff. Secondary RMS Current:

Dl

lsrus = % e (Eq. 31)
Winding Design:

Safety Standard Margin: M
Copper Space Factor: fou

Eff. Bobbin Width:

BW, =BW —(2-M) (Eq. 32)
Eff. Winding Cross Section:

Ay -BW,
= Eq. 33

ANe BW (Eq )

The Winding Cross Section Ax has to be
subdivided according to the number of
windings:

Primary Winding 0.5
Secondary Winding 0.45
Auxiliary Winding 0.05
Wire Copper Area for Primary Winding:
05-f., -A
A, = T (Eq. 34)
Np
Wire Copper Area for Secondary Winding:
045-f_ -A
A =2 Pe (Eq. 35)
N
Wire Copper Area for Auxiliary Winding:
0.05- f, -
Anix = N o A (Eq. 36)

Aux

Wire Size in AWG unit can be calculated:
AWG =9.97-(1.8277 —(2-log(d))) (Eq. 37)

Wire Diameter from Copper Area:

dzz.\/E
T

(Eq. 38)

| s = ,/@ .16.31A =6.36A

0 mm (use Tex/E wire if M=0)
0.3 (Range 0.2 ... 0.4)

BW, =15.6mm —(2-0mm)=15.6mm

_ 61mm?-15.6mm

=61mm?
Are 15.6mm
2
A = 0.5-0.3-61mm — 0.22mm’
42
2
A - 0.45-0.3-61mm _1.37mm?
6
2
A, = 0.05 O.?é 61mm _ 0.18mm?
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure

Example

Wire Diameter from AWG unit:
1.8277 AWG )

d :10( 2 2997 (Eq. 39)

Wire Size in AWG unit using combination of
Eq. 37 and Eq. 38:

AWG,, = 9.97.{1.8277—(2"09(2'\/%m

Y
=)

It is a good practice to use smaller wires in
parallel instead of using one big wire.
However, the following conditions should be
satisfied for choosing Wire Size and Number
of Parallel Wires:

- EffCuAreax (Eq 40) < Ax (Eq 34/35)

- Sx (Eq 41) < 8 A/mm?2

-NPx < 10

- 0.18 mm < Wire Diameter < 0.6 mm
Note: X = P/Primary or S/Secondary Winding

AWG,, =9.97-1.8277 —(2 . Iog[Z-

AWG, . =9.97 -(1.8277 - [2 : Iog{Z-

Wire Size in AWG unit for Pri.: AWGr
Num. of Parallel Wires for Pri.: NPp
Insulation Thickness of Pri. Wire: INSp

Wire Size in AWG unit for Sec.: AWGs
Num. of Parallel Wires for Sec.:  NPs
Insulation Thickness of Sec. Wire: INSs

Typically, the Auxiliary Winding consists of
only one wire and its size is insignificant due
to low current.

2
AWG,, =9.97 -[1.8277 —[2 : Iog[2. \/mm
T

AWGp. =24 diameter = 0.53mm

=)

AWGsc =16 diameter = 1.32mm
0.18mm?
T

AWGauxe = 25 diameter = 0.48mm

AWG,, =9.97- {1.8277 - (2 . Iog[Z .

AWG,, =9.97 -(1.8277 - [2 : Iog[Z :

24
0.02 mm
23

0.10 mm
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Recalculate Wire Diameter using Eq. 39:
1.8277 AWG, ]
29.97

4, =10

1.8277 AWG ]

d _10( 2 2997
s =

Eff. Copper Area:

2
EffCuArea = [%j -7r-NP

(Eq. 40)
d 2
EffCuArea, = [?j -7 - NP,
d 2
EffCuArea, = (?S) -7 - NP,
Current Density:
— I RMS
~ EffCuArea (Eq. 41)

I PRMS

P~ EffCuArea,

ISRMS

Sg =————
EffCuArea,

Wire Outer Diameter including Insulation:

(L2 )

d, =10" > 2%/ =0.51mm
(o2 )

d, =10" * 29/ =0.58mm

2
EffCuArea, :(O.SémmJ -z +1=0.21mm?
2
EffCuArea, :(0'52”"”‘) 7 -4=1.04mm?
0.98A A
- =472
0.21mm mm
_ 636A . A
ST 1.04mm? T mm?

Od =d +(2-INS) (Eq. 42)

Od, =d, +(2-INS,) Od,, = 0.51mm +(2-0.02mm) = 0.55mm
Od, =dg +(2-INSy) Od, =0.58mm + (2-0.1mm)=0.78mm
Max. Number of Turns per Layer:

NL = [OSWKIPJ (Eq. 43)

NL, = L%J o= L%J = 28Turns/ Layer
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

NL, =| W
Od, - NP,

Min. Number of Layers:

N
Lh= m (Eq. 44)
Ln, = N,

NL,
Ln = Ns

NL,

Output Rectifier Diode:

The output rectifier diodes in Flyback
converters are subjected to large Peak and
RMS current stress. The Values depend on
the load and operating mode. The Voltage
Requirements depend on the output voltage
and transformer winding ratio.

Max. Reverse Voltage:

N
VRDiode :VOUT +(VDCmaxPK N_Sj (Eq. 45)
P

Clamping Network:

Clamping Voltage:

VCIamp =Vir_bss ~V pemaxpk—Vr (Eq. 46)

For calculating the clamping network, it is
necessary to know the leakage inductance.
The most common approach is to have the
Leakage Inductance value given in a
percentage of the Primary Inductance.

If it is known that the transformer
construction is very consistent, measuring
the Primary Leakage Inductance by shorting
the Secondary Windings will give an exact
number (assuming the availability of a good
LCR analyzer)

15.6mm

NLy =| ———— | =5Turns/ Layer
0.78mm- 4

42
Ln, =| — | =2Layers
P 28—1 y
6
Lng = EW:ZLayers

6

Vepoge =16V + (373.4v -—) = 69.34V
42

V =650V —373.4V -118V =159V

Clamp




Appendix B — SMPS Design Procedure

87

Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Leakage Inductance Raito: LIR

Leakage Inductance:

L =LIR-L; (Eq. 47)
Clamping Capacitor (cal.):
|2 -L
Cq = LPK_SR " LK (Eq. 48)
- (VR +VCIamp )'VCIamp

Use table E12, find the closest higher value
Clamping Capacitor: Cclamp

Clamping Resistor (cal.):

. _ (Vclamp +Ve )2 _VR2 (Eq. 49)
Clamp_cal 05. LLK . IEPK_SR - f .

Use table E96, find the closest value

Clamping Resistor: Rciamp

Output Capacitors:

Output Capacitors are highly stressed in
Flyback converters. Normally, capacitors are
chosen based on 3 major parameters:
Capacitance, Low ESR and Ripple
Current Rating.

To calculate Output Capacitors, the Max.
Voltage Overshoot in case of switching off at
Max. load condition must be set.

Max. Voltage Overshoot: AVour

After switching off the load, the control loop
needs about 10...20 internal clock periods to
reduce the duty cycle.

Number of Clock Periods: nce

Max. Output Current:

| _ I:)OUT max
OUT max —

(Eq. 50)
Vour

c _ _
clamp—cal 118V +159V )-159V

5 %

L, =5%-231H =11.5,H

_ (2.33A) -11.5uH

=1.42nF

1.5 nF

(159v +118V )’ —(118V ¥
- - = 20kQ
0.5-11.54H -(2.33A) -100kHz

20 kQ

0.5V

20

S0W

=——=3.13A
16V
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure Example
Ripple Current:
IRipple = ISZRMS - I(§UT max (Eq' 51) IRipple = \/(636A)2 - (313A)2 = 554A
Output Capacitance (cal.):
| -n 3.13A-20
Courca = oo Eq. 52 =t E _1252,F
vl AV, - f (B4 52) | ~our_al = 5 50 1 00kHz “

We propose the Rubycon ZL Series
Aluminum Electrolytic Capacitors for
Output Capacitors due to its high ripple
current and low impedance.

Since the Ripple Current that each capacitor
can handle is quite low comparing to the
calculated Ripple Current (Eq. 51), parallel
capacitors are necessary. However, regarding
space, the number of parallel capacitors
should not exceed three. The conditions can
be summarized as the following:

- Rated Voltage of Cap. = (1.45-Vour)

- (TIacr'nc) close to IRipple

- (Cour'nc) close to Cout_cal

-nc < 3
Output Capacitor: Cour
Number of Parallel Capacitors: nc

Output Filter:

The Output Filter consists of one Capacitor
and one Inductor in a L-C filter topology.

Zero Frequency of Output Capacitors and
associated ESR:
1

= (Eq. 53)
277 Resg Coyr

fZCOUT

This equation is based on the assumption
that all output capacitors have the same
capacitance and ESR.

Ripple Voltage at 1st Stage:
V —

Ripplel —

ISPK : RESR
nc

(Eq. 54)

We choose Rubycon ZL Series
2 x 1500pF 25V (Resr=0.018Q, [.r=2.77A)

1500 pF

1
2. 7-0.018Q -15004F

=5.89kHz

fZCOUT =

16.31A-0.018Q

V =0.15v

Ripplel =
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

The Inductance is required to compensate
the Zero Frequency caused by output
capacitors:

L-C Filter Inductance: Lour
L-C Capacitor (cal.):

Cour *Reer )
CLC_caI _ ( ouT ESR) (Eq. 55)

LOUT

We propose the Rubycon ZL Series
Aluminum Electrolytic Capacitors for L-C
Filter Capacitors due to its high ripple
current and low impedance. The conditions
can be summarized as the following:

- Rated Voltage of Cap. = (1.45-Vour)

- Capacitance close to CLc_cal

L-C Capacitor: CLc
Frequency of L-C Filter:
1
Lc — (Eq. 56)
2'”'\/CLC “Lour
Ripple Voltage at 2nd Stage:
1
2.7-f-C
VRippIez :VRippIel . z = (Eq. 57)
m+(2‘”‘ f-Lour)

Soft-Start Capacitor:

The voltage at the soft-start pin together
with feedback voltage control the
overvoltage, open loop and overcurrent
protection functions.

The Soft-Start Capacitor must be calculated
in such a way that the output voltage and
the feedback voltage is within the working
range(Vre < 4.8V) before the overcurrent
threshold (typ. 5.3V) is reached.

Soft-Start Time (cal.):
> (nc-Cyyr)+C
tSSfcaI = (VOUT) ) ( OUT) =

(Eq. 58)
POUTmax_SR - POUTnom

1 pH

_ (15004F -0.018Q

2
CLC_caI - 1ﬂH ) = 729;“':

We choose Rubycon ZL Series
680uF 25V

180 uF

1
 2-7-,/680uF -1uH

=6.1kHz

fLC

1
Ve _oisy. 2.7 -100kHz - 680 F

Ripple2
%+(2-7r<100kHz 1uH)
2.7z -100kHz - 680 4F

=1mV

¥ (2-1500F ) + 680 uF

tss ca =16V =72.5ms

S53W —40W
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Soft-Start Time: tss

Soft-Start Capacitor (cal.):
1

CSS_caI =15 - Vv Eq. 59
_ RSS . |n(l_ $51 J (Eq. 59)

REF
Use table E12, find the closet higher value

Soft-Start Capacitor: Css

VCC Capacitors:

The VCC Capacitor needs to ensure the
power supply of the IC until the power can be
provided by the Auxiliary Winding.

In addition, it is recommended to use a
100nF Ceramic Capacitor very close between
pin 7 & 8 in parallel to the VCC Capacitor.
Alternatively, an HF-type electrolytic with
low ESR and ESL may be used.

VCC Capacitor (cal.):

— lyees s E

C =
VCC_cal Vgry 3 (Eq. 60)

Use table E12, find the closet higher value

VCC Capacitor: Cvce

Start-up Resistors:
VCC Cap. Charge-up Current: Tchargec

Start-up Resistance (cal.):

V.. .
R — DC min E 61
Start_cal IVCCl 1 chargec (Eq. 61)

It is better to use two resistors in series to
accomplish the start-up resistance.
Use table E96, find the closest value

Start-up Resistors (x2): Rstart

73 ms

1

=1106nF

CSS_cal =73ms-

1000 nF

9.8mA-73ms

CVCC _cal = 5\/

100 pF

70 pA

100.5v

R =
Start _cal 55ILIA+70/JA

402 kQ

—42kQ~|n(1—
6.5V

5.15Vj

2
£ =95.4,F
3 H

=804kQ
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure Example
Start-up Time:
-V 100uF -13.5V
toiar = CWICC—CC (Bq. 62) |tgu = — =Y ~19.35
ChargeC 70 ﬂA

Note:

Before the IC can be plugged into the
application board, the VCC Capacitor
must always be discharged!

Losses:

Diode Bride Forward Voltage: Vr

Input Diode Bridge Loss:

PDIN =2- IACRMS 'VF (Eq. 63)

Form Factor: a
Hysteresis Factor Single Ended: B

Transformer Core Loss:

f 15 B 2.3
P -P . [ Brax | 4. .
Core = TV (100kHz) [ZOOmTj a-f (Eq. 64)

Copper Resistivity @ 100°C: Pp10o
Copper Resistance:

I, -N-

N Pioo (Eq. 65)

% ~EffCuArea

_ I -Ne-pig.
P EffCuArea,

_ Iy -Ns P
U EffCuArea

Copper Resistance Loss on Primary Side:

2
Pocu = lprus * Recy (Eq. 66)

Copper Resistance Loss on Secondary Side:

2
Pscu = lsrms * Rscu (Eq. 67)

1V
P, =2-1.09A-1V = 2.18W

0.8
0.33

PCore :16VV :

(lookszM.(244mT

23
j -0.8-0.33=667mW
100kHz 200mT

0.0172 Q@ mm2/m

2
50mm- 42-0.0172°2 MM
Rec, = — M =172mQ
0.21mm
2
50mm.6.0.01722 MM
Recy = — M =4.95mQ
1.04mm

P.c, = (0.98A) -172mQ = 165mW

Pec, = (6.36A) - 4.95mQ = 200mW
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Total Copper Resistance Loss:

Pe

Output Rectifier Diode Loss:

PDDIODE = ISRMS 'VFDIODE (Eq.

Clamping Network Loss:

Veramp +Vr
PCIamp :%' Lig - IEPK_SR 2= (Eq.

V,

Clamp

Estimated Ext. Parasitic Cap.: Cext
Junction Temperature: T;

u I:>PCu + I:)SCu (Eq.

68)

69)

70)

On-Resistance at Junction Temperature:

o (t;-25°C)
Rosonat, = Roson@as-c '(1"') (Eq.

100

MOSFET Losses in Vacmin scenario:

Switching Loss in Vacmin scenario:

F)SONl :%. (Co(er) + Cext)'VDZCmin - f (Eq.

Conduction Loss in Vacmin scenario:

2
Pos = lorus * RDSon@Tj (Eq.

Total MOSFET Loss in Vacmin scenario:
Puvosrers = Psont + Pos (Eq.

MOSFET Losses in Vacmax scenario:

Switching Loss in Vacmax scenario:

PSONZ :%'(Co(er) "'Cext)'VDZCmaxPK -f (Eq.

Conduction Loss in Vacmax scenario:
2 (LP'ILPK_SR'f

-1, . .
PDZ -3 RDSOH@Tl ILPKﬁSR V
DC max PK

Total MOSFET Loss in Vacmax scenario:
Puosrer2 = Psonz + Po (Eq.

MOSFET Losses:

I:)MOSFET = maX(PMOSFETl’ PMOSFETZ) (Eq'

j (Eq.

71)

72)

73)

74)

75)

76)

77)

78)

P., =165mW +200mW = 365mW
PDDIODE =6.36A-0.85V =5.41W

159v +118v

Pryamp = £ +11.54H - (2.33A) - 100kHz T vER

lamp =

48 pF
125 °C

(125°C-25°C)
0.8) _10

RDSon@Tj =0.45Q) - (14- m

Poon = 2+ (30 pF +48pF)-(100.5V * -100kHz = 39mW

P,, = (0.98A) -1Q = 960mW

Puosrers =39mW +960mW =999mW

P, =1 -(30pF +48pF)-(373.4V )’ -100kHz = 544mW

231uH - 2.33A-100kHz
373.4V

Py, =1-10-(2.33A) ( j = 259mW

Puoseer2 = 244mW + 259mW =803mW

Puosrer = Max(999mw,803mW ) = 999mw
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Heat Dissipater:

All CoolSETs in DSO/DIP/SMD package
cannot use a Heat Sink but the Copper Area
1s possible. Typically, Copper Area should not
exceed lem2. However, all CoolSETs in TO
packages as well as external CoolMOS can
use a Heat Sink.

Thermal Resistance:

In case NO Heat Sink

Rth = RthJA - RthCuArea (Eq. 79a)
In case WITH Heat Sink
Riv = Rinse + Rinnr + Rips (Eq. 79b)

where Rudsc : TR. Junction-Case
Riunar : TR. Chip-Heat Sink
Rinns : TR. Heat Sink-Ambient

Delta Temperature from MOSFET Losses:

AT =Pyoseer - Ry (Eq. 80)
Max. Junction Temperature:
Tj max :Ta +AT (Eq. 81)

Max. Junction Temperature must not exceed
the limitation stated in the Datasheet,
typically 150°C.

Controller Loss:

I:)Controller :VAux_caI ’ IVCCS (Eq. 82)
Total Loss:
PLosses = I:)DIN + PCore + PCu + I:)DDIODE +
(Eq. 83)
PClamp + I:)MOSFET + PController

Efficiency after Losses Consideration:

I:)OUT max_SR

un (Eq. 84)

I:)OUT max_SR + I:)Losses

Since ICE2A365 1s a DIP-8 package,
we choose a standard 1cm2? Copper Area
(RthCuArea == ].OK/W)

R, = 90K /W —10K /W = 80K /W

From CoolSET/CoolMOS Datasheet
Typ. 1IKIW
Depending on Heat Sink

AT =999mW -80K /W =80K

T =90°C +80K =130°C

j max

P =13.2V -9.8mA =129mW

Controller
P oses = 2.18W +667mW +365mW +5.41W +
5.44W +999mW +129mW =15.19W
n= S3W =77.72%
53W +15.19W
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure Example

Regulation Loop:

Vt)ut
Reference: TL431 <

Optocoupler: SFH617-3

o—a—1 1 14

o
N
=
=
o
Ili?
@

TL431 Reference Voltage: VREF TL 25V
Forward Voltage of Diode: VFD_TL 1.2V
Min. Current for TL431 Diode: TKAmin 1 mA
Max. Current of SFH617-3 Diode: Irmax 20 mA
Rz Value of Voltage Divider: Re 4.75 kQ

Primary Side:

Max. Feedback Current:

| eomax = \g‘:: (Eq. 85) |l g = 367% =1.76mA

Min. Feedback Current:

| e min =% (Eq. 86) |l egmin =%=0.51mA
Secondary Side:

R: Value of Voltage Divider (cal.):

R o =R, L :EOFUTTL = j (Eq.87) |R o = 4.75kQ-(%— j: 25.65kQ

Use table E96, find the closest value
R1 Value of Voltage Divider: R 25.5 kQ

Rs Value to supply Opto. Diode (cal.):
R

VOUT - VFD TL +VREF TL
3_cal 2 | = — (Eq.88) |R

F max

16V —(1.2v +25v)

3_cal — = 615Q
- 20mA
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure Example
Use table E96, find the closest higher value
R3 Value to supply Opto. Diode: Rs 619 Q
R4 Value to supply TL431 Diode (cal.):
Veo +(R3 IFE';mmJ (Eq. 89) 1.2V + (619Q~ Oigér;)A)
Ry e < < R, ca < =1.51kQ
- I amin - 1ImA
Use table E96, find the closest lower value
R4 Value to supply TL431 Diode: R4 1.50 kQ

Output Voltage from Regulation Loop:

R
VOUT_RL = [_1+1J 'VREF_TL (Eq. 90)
R,
Regulation Loop Elements:
VIN—’ FPWR(p) > FLC(p) Vout
T y
Krs Kvp
L Fr(p)
+
Vref
Feedback Transfer Characteristic:
G, R
Keg = CR—FB (Eq. 91)
3

Gain of Feedback Transfer Characteristic:

Gp, =20-log(K,p ) (Eq. 92)

Voltage Divider Transfer Characteristic:
K — Veer n_ R
VD — =
VOUT_RL R+R,

(Eq. 93)

VOUT_RL = (% +1) -2.5V =15.92v

~100%- 3.7k

- =5.98
Fe 619Q

G, = 20-log(5.98)=15.53dB

4.75kQ

o = =0.16
25.5kQ + 4.75kQ
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure

Example

Gain of Voltage Divider Transfer
Characteristic:

Gyp =20-log(Kyp) (Eq. 94)

Zeroes and Poles of Transfer
Characteristics:

Resistance at Max. Load Pole:
V 2

RLH = _ OUT_RL (Eq. 95)

POUT max_SR

Resistance at Min. Load Pole:
2

R = VOUT_RL

LL — P

OUT min

(Eq. 96)

Poles of Power stage at Max. Load Pole:

1
f. = Eq. 97
o R4 '(nC'COUT) (Fa- 97

Poles of Power stage at Min. Load Pole:
1

7Ry '(nC'COUT)

foL = (Eq. 98)

In order to have sufficient phase margin at
low load condition, we choose the Zero
Frequency of the compensation network to be
at the middle between the min. and max.
load poles of the power stage.

Zero Frequency of the Compensation Net.:

f
0.5-log| =2
fOM — fOH 10 [fOH] (Eq. 99)

With adjustment of the transfer character-
istics of the regulator, we want to reach
equal gain within the operating range and to
compensate the pole f, of the power stage
Frwr(w)

Because of the compensation of the output
capacitor's zero (Eq 53), we neglect it as well
as the LC-Filter pole (Eq 56). Consequently,
the transfer characteristic of the power stage
is reduced to a single-pole response.

Gyp = 20-10g(0.16) = ~15.92dB

2
R, = W5.9V) _, 2e0
53W
2
R, = U5.9V) _ o6 800
0.5W

=22.20Hz

fon = 7-4.78Q - (2-15004F )

1

=0.21Hz

f =
° 7-.506.89Q-(2-1500.F )

0.5-Iog[
fou =22.20Hz-10

0.21Hz
22.20Hz

) =2.16Hz
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

Procedure Example

In order to calculate the gain of the open
loop, we have to choose the crossover
frequency.

We calculate the gain of the Power stage
with Max. Output Power at the chosen
crossover frequency.

Zero dB Crossover Frequency: fe 3 kHz
Transient Impedance Calculation:
Transient Impedance defines the direct
relationship between the level of the Peak
Current and the Feedback pin voltage. It is
required for the calculation of the power

stage amplification.

Transient Impedance:

AV R 430mQ Vv
Zoyw =—— = A - (Eq. 100) |Z,, =3.65-——— =157
q. ) . .
P Al PK Vcsth P 1V A
Power stage at Crossover Frequency:
Ry-L,-f-nmp ) . H - .85%
Foulf,) = Z:VM . ; e lf _| (Eq. 101) ‘FFWR(fJ:ﬁAVM 7802312 H2 100KHz -85% ;kHZ | o0
\/“( f:H J \/1+(22.2Hz)

Gain of Power stage at Crossover Frequency:

Gour(fy)=20-109(Foue(f,)) (. 102) | Gy (3kHz) = 20-10g(0.03) = ~30.464B

Transfer Characteristics:

50
Gr(o) —¥ =Ll — .
TN Krs
GPWR(G)) ==ERIR e rnnnt = -‘-\-\-\- - A/
Low-load el T il
0 1 S e — —
\\\ \\\ _=—_1\ / KVD
TN TR 1T T T e G
\\\ _____ Y- Gprwr(®)
50 A8 Full-load

1 10 100 1°10 1‘104 1'105
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Table B.1: Design procedure for Flyback DCM using CoolSET-F2 (cont.)

| Procedure

Example

At the Crossover Frequency (f;), we calculate
the Open Loop Gain:

Go (@)=Gs(@)+Gr(w)=0  (Eq.103)

With the equations for the transfer charact-
eristics, we calculate the gain of the
regulation loop at fg:

GS(a)) =G +Gpyr +Gip (Eq. 104)

Separated components of the regulator:

Gr(w)=0-Gs(w) (Eq. 105)
Rs Value of Compensation Net. (cal.):
= R-R
RS cal =102 . 2 (Eqg. 106)
- R +R,

Use table E96, find the closest value
Rs Value of Compensation Net.: Rs
C2 Value of Compensation Net. (cal.):

C 1

2 cal — m (Eq. 107)

Use table E12, find the closest higher value
Cs Value of Compensation Net.:  C2
Ci1 Value of Compensation Net. (cal.):

C 1

- - - C
1_cal 2 T R5 . fOM 2 (Eq. 108)

Use table E12, find the closest higher value

Ci1 Value of Compensation Net.: Ci

Gs(w)=15.53dB — 30.46dB —15.92dB = —30.85dB

Gr(w)=0-(-30.85dB) = 30.850B

R 10 %

C

C

30.85dB

' 25.5kQ) - 4.75kQ

=139.64kQ2

5_cal ~ 25.5kQ + 4.75kQ)

140 kQ

1

390 pF

1

2_cal = 2 - -140kQ) - 3kHz

1_cal — 2.7-140kQ) - 2.16Hz

560 nF

=379pF

— 390 pF =525.92nF
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