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ABSTRACT

Switching losses is one of the phenomena that occur in power electronic fields,
which cause the imperfection of the output waveform. There are lots of ways defined it
encounter this problem such as snubber usage, tapped-inductor, MOSFETS and etc. In
this century, semiconductor field came out with the revolution of the MOSFET, which is
called CooiMOS in order to reduce the switching losses and give high efficiency. The
CoolMOS become famous as it can reduce 80% reduction of switching losses and low
cost. CoolMOS technology - developed for the production of charge-compensated
devices - is presented. Due to its novel internal structure, the device offers a dramatic
reduction in on-state resistance with a completely altered voltage dependence of the
device capacitance. If the power factor is small which is below than 0.85, it causes large
amount of power loss (Losses = I’R) and power that should apply not achieved as target.
In worst cases it causes equipment damaged and power supply trip. This will affect whole
process especially for manufacturing company. Basically, this project needs to evaluate
the performance of CoolMOS in improving the switching losses especially in Buck
Converter. The main focus is on the parameters that contributing in developing high
power factor. Its mean that selection of components used ts very important such as
inductor value. As conclusion, Buck converter is one of the best methods to investigate
power factor correction. Moreover, CoolMOS device is a good device which should be

varies its application in the future.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF PROJECT

A switching technique that improves performance of the high-power-factor buck
converter by reducing switching losses is introduced. The losses are reduced by an
enhancement of MOSFET devices, which is CoolMOS. A buck converter circuit consists
only an inductor, a capacitor, a resistor, a power diode and a switch (CoolMOS) has
inherent power factor correction properties and continuous nput current (Figure I).
Moreover, this type of converter is a very attractive solution to implement power factor
correction in many applications. By using buck converter, it causes low cost and simple
circuit. This converter provides an output voltage (or bus voltage) lower than the peak

line voltage, been very suitable for medium and low output voltage application.

GeclMOs miductor

T e e W

Capacitor Resistor
=

75 Dlode T;

‘s
—AAS
v

Figure 1: Basic circuit of Buck converter circuit

CoolMOS is a new revolutionary technology for high voltage power MOSFET.
It has a few similarities with MOSFET but more advances in which MOSFET does not
have capability to do it. The revolutionary CoolMOS power MOSFET family enables a
significant reduction of conducting {(up to 80%) and switching losses (up to 50%) in

power electronic systems [1].



1.2 PROBLEM STATEMENT

Switching losses is one of the phenomena that occur in power electronic fields,
which cause the imperfection of the output waveform. It is influence by many factors.
One of them is power factor contribution to the circuit. Moreover, power factor problem
also cause big issue especially to the power plant generator such as Tenaga Nasional
Berhad (TNB). As a result, TNB took an action that the power factor must not less than
0.85. Penalty will be fined to those disobey that rule. For TNB itself, they took an action

by adding up capacitor bank in order to recover that such of problem.,

If the power factor is small which is below than 0.85, it causes large amount of
power loss (Losses = I°R) and power that should apply not achieved as target. In worst
cases it causes equipment damaged and power supply trip. This will affect whole process

especially for manufacturing company.

In order to avoid such as incident we have to make sure that power factor is
always bigger than 0.85 which is optimized with the circuit constructed. The best
parameter for power factor is almost to unity power factor which is equal to 1.To succeed
in overcome this problem, we must be alert with capacitor and inductor value. Both are
very important in contributing to achieve high power factor. Lastly, Buck converter

circuit is the easiest circuit in order to perform this investigation.



1.3 PROJECT OBJECTIVE

Basically, this project needs to evaluate the performance of CoolMOS in
improving the switching losses especially in Buck Converter. This includes research on
power factor contribution in Buck Converter circuit. The main focus is on the parameters
that contributing in developing high power factor. Its mean that selection of components
used is very important such as inductor value. By conducting this investigation and
research, it is hoped that these findings encourage further development of CoolMOS in
encounter the switching losses in the Buck Converter circuit and at the same time able to

upgrade the switching performance.

1.3.1 Objectives

The main objectives of this project are:

(a) To investigate the switching losses in Buck Converter.

(b) To monitor the influence of power factor correction to the Buck Converter
ctreuit.

(¢} To study on the characteristics of CoolMOS and MOSFET family.

(d) To be able to construct design circuit using CoolMOS in Buck Converter
circuit

(e) To be able to do simulation on PCB.

(f) Produced a prototype of the circuits.

(2) Run a few experiments and able to prove the simulation is correct.
1.3.2 Scope of Study

In this study, the basic knowledge of power factor will be studied and
practically using the a few software such as Pspice software to be able simulating
the circuit. Besides, this investigation also will be focused on the effects of power
factor in switching losses and also influence of the CoolMOS device in the circuit.

In this research, power factor play important role and the characteristic of



CooIMOS need to study more deeply in order to make sure that all the components

are attached together.

Besides, a prototype of the circuit needs to be constructed. New software
like Multisim and Ultiboard used to evaluate the performances of switching losses

by undergo some experiment using PCB.

1.3.3 Gantt Chart
Gantt chart 1s attached in Appendix 1 and Appendix 2 for the time frame.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 Buck Converter

Buck converter is a very attractive solution to implement power factor correction
in many applications. By using buck converter, the standard can be met with a very
simple and low cost circuit { Figure 2). This converter provides an output voltage (or bus
voltage) lower than the peak line voltage, been very suitable for medium and low output
voltage applications.

Thus, 1t has been proposed in hard requirements low output voltage power
supplies based on two-stage conversion structures. Also, it has been proposed in the
design of electronic ballast with power factor correction. The wide interest on the
application of this converter has led to the development of an average small-signal model
to become more ¢asy and effective the design of the output voltage control loop [1].
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Figure 2: Buck converter circuit [2]



2.1.1 During Turn - on

Inductor voltage

vl = Vg - v(f)

Small ripple approximation:
vibw Vg-V

Knowing the inductor voltage, we can now find the inductor current via

_(diL@)
vL(t) = L[—dt )

Solve for the slope:

diL(t) _ (vL(t)

L

y : . .
” ) ~ Vg 7 The inductor current changes with an essentially constant

slope

Figure 3: Sﬁtching characteristic of Buck Converter ﬁ) during Turn-on b) dtiring
Turn-off 3]

2.1.2 During Turn — off

Inductor voltage
vI{t)=—v(})

Small ripple approximation:
vi{H) » -V

Knowing the inductor voltage, we can again find the inductor current via



yL(1) = L[‘%@)

Solve for the slope:

diL(t) _ (vL(t)] v

dt L z—}:

The inductor current changes with an essentially constant slope.
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Figure 4: Idealized current and voltage waveforms; current commutates from diode to
switch [4].



2.2 Power factor

The term power factor is borrowed from elementary AC circuit theory.

appareit
power, VA
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. reactive power, VAR
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Figure 5: Calculation of Power Factor

Power factor is a quantity which has important implications when
sizing a power supply system. Power is a measure of the delivery rate of energy and
in DC (direct current) electrical circuits is expressed as the mathematical product of
Volts and Amps (Power = Volts x Amps).

However, in AC (alternating current) power system, a complication is
introduced; namely that some AC current (Amps) may flow into and back out of the
load without delivering energy. This current, called reactive or harmonic current,
gives rise to an “apparent” power (Volts x Amps) which is larger than the actual
power consumed.

This difference between the apparent power and the actual gives rise to
the power factor, The power factor is equal to the ratio of the actual power to the
apparent power. Always a value between (0.0) and (1.0), the higher the number the
greater / better the power factor. The bigger the power factor is the perfect the

system is [5].




2.21

2.22

POWER FACTOR = Real Power
Apparent Power

Effects of Power Factor

. System Capacity - Your kVA is the total power available. Your useful power kW

= (kVA)(pf). The higher the system power factor, the more system capacity that 1s
available. With more system capacity, voltage will remain more stable as loads
are cycled on and off. Also more loads can be added to the system as needed.
System Losses - With a higher Power Factor, less current flows through your
system. There is less power lost (I2R losses) to heating of cables, bus bars,

transformers, panels, etc. These devices will run cooler and last longer too.

. Utility Charges - Electric utilities must maintain a high Power Factor on their

distribution system for efficiency. They will typically bill customers for a low
Power Factor or they may bill on kVA demand, which Power Factor will affect.
Most utilities that bill 2 Power Factor penalty require a user to maintain a 95%

Power Factor to avoid penalty.

Advantages of Power Factor Correction:-

The main advantages of the Power Factor Correction are:

1. The electrical load on the Utility is reduced, thereby allowing the Utility to

supply the surplus power to other consumers, without increasing its generation

capacity.

2. Most of the Utilities impose low power factor penalties. By correcting the

power factor, this penalty can be avoided.

3. High power factor reduces the load currents. Therefore, a considerable saving
is made in the hardware cost, such as cables, switchgear, substation transformers,

etc.



2.3  CoolMOS

CoolMOS

Figure 6: Cell structure of CoolMOS [6]

Characteristic of CoolMOS

*

Blocking voltage Vds of 600V and 800V

Lowest on -resistance reduced by a factor of up to 7 compared with
standard devices

Extremely fast controliable switching speed

Ultra-low gate charge

Avalanche-rated

Compatible gate control

Benefits of CoolMOS

Favorable for a wide range of application areas

Highest conversion efficiency

Lowest switching losses with adjustable EMI behavior
Full rectangular SOA offers maximum system reliability

Best with iow driving ICs as well as for high-end solutions
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COOLMOS™ DEVICE CONCEPT AND ON STATE RESISTOR

The CoolMOS™ concept (comparing to a conventional high voltage power
MOSFET is shown in Figure 6) offers here a new approach to overcome the challenge of
the drift zone resistance. The electrical conductivity is provided by majority carriers only,
There is no bipolar current contribution; the switching losses are hence equal to that of
conventional MOSFETSs. The conduction losses as shown in Figure 7 have however been
cut down by a factor of 5 versus this conventional technology. The doping of the voltage
sustaining layer is rise by roughly one order of magnitude; additional vertical p-siripes
are inserfed into the structure, which compensate the surplus current conducting n-charge.
When the transistor is reverse biased, a lateral electric field is built up, which drives the
charge towards the contact regions. The space charge layer builds up along the physical
pnjunction line and spreads at a voltage around 50V across the whole p-/n-striped
structure. The drift zone is now completely depleted and acts like the voltage sustaining
layer of a pin-structure. If the voltage is further increased, the electrical field rises lineérly
without any further expansion of the space charge layer. No current flows through the

space charge layer.

Both carrier types. are driven by very low electric fields within their columns
towards the contacts. This behavior is characteristic for charge compensated devices and
leads to extremely low losses. The breakdown voltage of the CoolMOS™ technology
shows a significant dependence of the net charge balance. The net charge balance is the
integral of the doping over the whole voltage sustaining layer normalized to the doping of

the n-column.

A negative value indicates a surplus of pdoping. The maximum breakdown
voltage is achieved, if the charge of the two opposite doped regions cancels each other
out perfectly. A remaining net charge contributes to the vertical electric field,

transforming the pin-structure in either pn-n or pp-n, respectively. The blocking voltage

11



therefore decreases. The width of this distribution at the specified blocking voltage limits

the production windowand is one of the CoolMOS™ main technological challenges.

W 30 =
aE .‘
£ 25 | ~
ﬁ_ Conventional DMOS
o 20 r
2 -
-
215 -
» ]
4 II
g 10 CoolMDS™ T~
R, L o
W facd L"‘.—._._'_._‘_J"_
8 ]
w 0
400 GO0 00 1000
Blocking voltage [V]

Figure 7: Comparison of the voltage dependency of the area specific Rps,n: CoolMOS
vs. conventional power MOSFET

SWITCHING BEHAVIOUR

The equivalent circuitry of the Power diode like Schottky diode is an ideal diode
with no switching losses and a capacitor m parallel. When switching the diode off only
the voltage depended charging of the capacitor can be observed instead of a typical
reverse recovery wave form. As expected there is also no dependence of this capacitive

recovery charge (QC) from temperature, forward current or di/dt.

CoolMOS implements a compensation structure in the vertical drift region of a
MOSFET in order to reduce the state resistance. Such a structure makes it possible to
reduce the on-state resistance Ryon of 2 600V MOSFET to one fifth of that of the
conventional MOSFET for the same circuit, It also clatmed that the CoolMOS achieves
the fastest switching speed for the given circuit {7].

12



Characteristic of CoolMOS — SPBO7N60C3 .-

P-T0220-3-31  P-TO262-3-1 P-TO263-3-2  P-TO220-3-1

52

B 20

Figure 8: Layout of the CoolMOS — SPBO7N60C3 8]
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Figure 9: Expected diodes switching characteristics [9]

For more details of the specification of CooIMOS, SPBO7N60C3 and also power diode,
IDPO6EGO can be referring to Appendix 4 and Appendix 5.
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CHAPTER 3

METHODOLOGY

3.0 METHODOLOGY/PROJECT WORK

3.1 Procedure Identification
For the time being, the existence methodology is used and after anatyze the data

obtained, the methodology will be improved.

(5

A

Identify information about the Buck
converter, power factor and CoolMOS

A

Construct the Buck Converter circuit

Select suitable CoolMOS for the circuit

l—

A

Doing simulation for performance test

N_OJ

Good dynamic
response

Yes t

Adjust the value of component to meet
high power factor

Yes
m No

End

Figure 10: Flow diagram for semester 1
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@

b

Identify information about the Software
such as Multisim and Ultiboard

Finalize the components that need to be
used and start constructing circuit

L

Doing trial and produced data

F N

L

Do some modification and tested again

EE_J

Good dynamic
response

Transfer to PCB board and tested by
varying the Capacitor & Inductor value

Yes No
< oxmer

End

Figure 11: Flow diagram for semester 2

This project is divided into two phases which is one phases concentrate on the
simulation of the circuit using Pspice and another phase focus on hardware
implementation. During simulation phase, the circuit is running using the Pspice
software to evaluate the performance of CoolMOS device and also the influence of

power factor to the switching losses using Buck Converter circuit. In order to make the

15



simulation work out, there are lots of interface need to be done such as export the
CoolMOS library and power diode library, setting on the parameters and time delay to

use, the type of output that we need to achieve and etc.

3.1.1 Installation
The downloaded CoolMOS modeling package consists of the following files relevant to

the PSpice simulator:

- **% |ib files comprising the PSpice code

- **¥ g]b files providing symbols for the models required by the graphic user
mterface (GUT) ‘Schematics’. (In order to be usable in evaluation versions of the
PSpice/Schematics system, each symbol library does not contain more than

twenty symbols.)
- ¥%% olb files comprising symbols for the graphical user interface ‘Capture’

If “Schematics’ is used as GUI, the *** lib files must be installed via the
‘Analysis — Library and Include Files’ menu. Permanent installation via ‘Add Library*’
is recommended. The *** slb files need to be installed via the menu ‘Options — Editor

Configuration —Library Settings’.

The installation in “Capture’ is similar. The *** lib files must be included via the
‘PSpice — Edit (New) Simulation Profile — Libraries ‘menu. Using the ‘Add as Global’
button will provide the CoolMOS models permanently. The symbol libraries (***.0lb
files) need to be included via ‘Place — Part — Add Library” [10].

3.1.2 Typical Simulation Parameters

As PSpice was originally not designed for power electronics and highly non-linear
Components, the standard simulation parameters (Simulation Setup/Options) are often

not suitable. In common, the following typical values facilitate convergence:

16



ABSTOL= InA (maximum current accuracy)

CHGTOL= 1pC (maximum charge accuracy)

ITL1= 150 (maximum number of iterations for DC analyses without initial
conditions)

ITL2= 150 {maximum number of iterations for DC analyses with 1nitial
conditions)

ITLA= 500 (maximum number of iterations for transient analyses time steps)

RELTOL= 0.01 (relative accuracy of voltages and currents)

The CoolMOS and power diode library can be found in infeneon website
http://www.infineon.com/simulate or email to simulate@infineon.com.

This project is continuing for second phases where PCB is needed to conduct
experiment on the Buck Converter circuit. In other fo achieve the PCB, software like
Ultiboard and Multisim is using to perform the arrangements and location of components

before printed out the board.

The circuit has been modified in the simulation i order to meet the
experimentation. New circuit and detail result is can be seen in the Chapter 4. In the same
time, PCB board software in work up using the Ultiboard seftware. Using the manual the
available on how to handle the software, make life easier. It may take a week to finish up
the gerber file before hand in to the techmician and sample layout can be seen as in

Figure 12,

17



Note The screen shown below i3 opened in Section 3.3 of this manual. When you open
Ulubaard 2001, the default is no pmiject apen.,

The menus and lookars give you access o the necessary commands,

7

The Birds eye
¥igw shows
you the desion
ataglanceand I
leds you easily
navigate
around the
workspace,

Eicn o ST

The Design
Toolbox areg
lefs you
naringe your
¢asign.

The attput
window gives
¥ou usedut
informationon
the stalus of
your design,

The status mhsplays usetul and
important information,

The workspace is where vou build vour design.

Note Your workspace will, by defaull have a black back ground: however, for the purposes
of this document, we show a white backuround,

Figure 12: Sample screen of Ultiboard 2001 software in order to work out the PCB

3.2 Tool required
3.2.1 Software
Pspice software simulation
Ultiboard 2001

18



3.2.2 Electronic components
a) Puise-width modulating controller,
b) Transistor switch (CoolMOS) — SPBO7N60C3,
c¢) Inductor - 0.4uH, 2.5uH ,4.25uH
d) Capacitor — 10 nF
e) Power diode — IDPO6EGO
f) Resistor—2Q, 10Q

Detail of list components can be referring to Appendix 3.

DIGITAL OSILOSCOPE

Figure 13: Digital oscilloscope for displaying the waveform
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FUNCTION GENERATOR ( V Pulse)

Figure 14: Function generator for triggered the V pulse

POWER SUPPLY

Figure 15: Power supply for input voltage

20



Measurement of the circuit during experiment

Figure 16: List of apparatus that used in the experiment

21



CHAPTER 4

RESULT AND DISCUSSION

40 RESULT

Results are divided into two sections which is simulation result and experimental

result. Then, both of the results are compared to get the accuracy of the result.

Calculations for new inductor value.-

Switch inductor
A I avaVaN

iy

Capacitor 1. Resistor

= e

Diode

LT

When inductor value, L = 0.4 uH:-

1 1 1

== =31831
wc 2nfc  2x(50kHzY107F)

Xc=

XL = @l = 27fL = 27 (50kHzY0.44H )= 0.1258

po XexRL_[G1830xQ@)]_; 5orce)
Rl+Xe (2+31831)

z=R*+ X12 = J(1.9875% )+{0.1258? ) =20

f=tan™ (_}{_QJ =tan~’ 0'12589) =322¢
R 1.98750)

p.f =cos0=cos(3.22°)=0.998

22



When inductor value, I = 2.5 uH:-

11 1
oc 2afc  2x(50kHZ)107F)

Xc= =31831

XL = ol = 2nfL. = 22(50kHz \2.54H ) = 0.7854

R XexRL_ (B31830xQ)] _; 4750
Rl+Xc (2+31831)

z=VR*+X1? = (198757 }+(0.7854?) = 2.137Q

6 = tan”![ L] = a1 T8HAR)_ 5y 50
R 1.9875Q

p.f = cos = cos(21.56° )= 0.93

When inductor value, L = 4.25 pf:-

1 1 1

XC == =
awc 2afc 2a(50kHzX10nF)

=31831

XL = oL = 24fL = 22(S0kHz X4.25 uH ) = 1.3351

roXexR_[B1830xQ)_ | goo
Rl+Xe (2+31831)

z=vR?+ XI* = |J(1.9875% )+ {1.3351? )= 2.3943Q

0= tan'l[—)gi] = tan”“'(l'335 19‘) =33.891°

1.9875Q
p.f =cos8 = cos(33.891° )= 0.83

Table 1: Relationship between inductor value and power factor (currently)

Value of Inductor Value of Power factor (cos 9)
0.4 pH 0.998
2.5pH 0.930
4.25 pH 0.830
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4.0.1 Result simulation

The simulation has been conducted using to compare the experiment result with
the actual result. The input voltage been used is 50V as frial [11]. The details of the

simulation result are as follow:-

A omez . Demo o =

0

Figure 17: The circuit the have been modified for simulation used

This 1s the output waveform produced by the modified circuit.
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Figure 18: Waveform that show point of switching losses
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Measurement for one power factor, pf which is 0.998:-
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Comparison waveform for three power factor using Buck converter circuit: -

p.£=0.998 S
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Figure 26: Waveform of Peak Reverse recovery Current (different power fuctor)
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How to calculate the losses:-

fooi Lol s000s4s 50010008

X-axis = 100mW « 0Omw
e = HOmW
: 1 portion = 100miy /4
' = 25mW

"Y-axis = §0.01000 - 50.00842

| v ’ =156 x 10.3
~aoiie — 1 pertion = 1.58 x 10-3/4
e ey e e p e =395 x 104
50,0082 500416 50,1200 50, 514861 50215 25000 5B, BEBAles
e * o = SO so, small box = 25 x 0.39
o Fioe =9.875 pJ

Figure 27 — Calculation of power losses

When we got the value of small box, we need to calculate total box under the region and

calculate overall losses [11]. Let’s say the total small box under the region is 50. So,

overall losses are:-
Small box = 9.875 pJ with 50 box
Losses = 9.873p] x 50

=49.375nJ

Table 2: Switching Losses produced by different power factor

Characteristics ' p.f=0998 pf=0.930 | p.f=0.830
Peak Reverse Recovery Current (mA) -35.821 -31.981 -21.162
CoolMOS Turn-on loss (nJ) 56.75 67 67.75
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The trend of peak reverse recovery current

0 ; .
E 5 p.f= 0.998 p.f = 0.930 p.f = 0.830
foo
15 —e-— Peak Reverse Recovery Current (mA)<l
-25 //
‘ g -30 -
-35 ‘____,_/'//'/
w0
Power factor
Figure 28: The trend of peak reverse recovery current
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8 56
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Figure 29: The trend of CoolMOS Turn — on loss (nl)
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The influence of inductor value to the power factor

1.2

1 ¥ \.\‘
0.8

0.6

0.4

—e— Value of Power factor (cos 6)

Value of Power factor (cos 0)

0.2

0 :
0.4 pH 2.5 pH 4.25 yH

Value of inductor (uH)

Figure 30: The influence of inductor value to the power factor

From the result above, as we increased the power factor, the switching losses is reduced.

So, as conclusion the switching losses is perpendicular to the value of power factor.
4.0.2 Result experiments

After conduct the experiment, the result obtained is slightly different. The voltage
input that used to trigger the CoolMOS 1s 50V. It is important to make sure that V pulse
that triggered the CoolMOS is not very high. V pulse is between 3 to 10 V which is
almost 40 KHz maximum. As the first stage, equipment problem appear where no current
probe to measured the current drop in order to calculate the switching losses. Finally, that

problem is overcome by pufting extra resistor, 1 ohm along the measured junction.
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Figure 32: Layout of components using the Ultiboard
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How to measure the switching losses: -

. Inductor
PO T Pl -
GduH
© Digde Fo :
L = N L =
: j '\/1‘ """ i Veltage ’ C Capac\tﬁr i 1} }:11 = 2
5O - : oo © 0 aeress diede . R s T o '

""" , . Resistor 1}; 1'ohim © ¥eltage across A
: - “pulse Cf‘\ ' . - T extra resistor

i{lﬁ_;fﬂiiﬁﬁiﬁ‘ﬁj”: 'f—ﬁ[ﬁlﬁjﬁ.:‘]i.@

Figure 33: Circuit with extra resistor

First, we measured the voltage trough the extra resistor using channel 1 of the
digital oscilloscope. Then, we measured the voltage across the diode using channel 2 of

the digital oscilloscope. Finally, we multiply both channels to get the power losses along

the diode. Lets say:-

V=1IR
Resistor = 1 Ohm
So, V =1 (1 Ohm)
V=1, current along the diode ... .. ... ... (1)

P=1IV i {2)
Substitute equation (1) into equation (2)

P=v

So, the same procedure is applied to others in other to get the power losses.
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Figure 35: Waveform of the Voltage output
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Figure 36: Waveform of Peak Reverse recovery Current (pf 0.998)

Table 3: Switching Losses produced by different power factor (experiment}

Characteristics pJS=0998 pSf=0.930 | pf=0830
Peak Reverse Recovery Current (mA) -30.2 254 -184
CooIMOS Turn-on loss (nJ) 53.7 62.8 65.9
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Peak Reverse Recovery Current (mA)

The trend of Peak Reverse Recovery Current (mA)
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Figure 37: The trend of peak reverse recovery current (mA)
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Figure 38: The trend of CoolMOS Turn — on loss (nJ)
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4.0.2 Comparison results

Power Factor

Comparison of Peak Reverse Recovery Current
(mA)

40 -35 -30 -25 20 -15 -10 5 0
Peak Reverse Recovery Current (mA)

Simulation m Experiment

Figure 39: Comparison results of peak reverse recovery current (mA)
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p.f=0.928
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CoolMOS Turmn-on loss (nJ)

Simulation w Experiment |

Figure 40: Comparison results of CoolMOS Turn — on loss (nJ)
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4.0.4 Extra simulation between CoolMOS and MOSFET

This simulation done is to prove that CoolMOS is a good device in order to
reduce the switching losses in Buck Converter circuit. Not only the value of inductor, the

device use for switching also play important role in order to reduce the switching losses.

1.95A

1. 6

Hosfet

T T T u— T | T T
70. 89S 78.28us . -7d.4Bus 70.68us 78-86us 71.08us T.200s | M.4Bus T.5%us
 n 1{Diodedz1}) -+ I{Diode:1} ) - - . _

Tine

Figure 41: Comparison of waveform between MOSFET and CoolMOS

m /Y‘”’rf:‘"”* :
_o5nad L
win" (CoolM08) = <35.821 uA
-5 mA-- -
PR i (MOSFETY = 74 452 ma

: . - - ] . _ .

78.1hes - 70.50us - 71.090us 71.50us 72 .00Bus 72,505 73.80us 73.50us
- I{Biogez1) v I(Pioded:z1) ) . _ .

Time

Figure 42: Waveform of Peak Reverse recovery Current
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Table 4: Total switching Energy loss between CoolMOS and MOSFET

Characteristics MOSFET

Peak Reverse Recovery Current (mA e
Diode Turn-off (nJ) 56
CdolMOS / MOSFET Turn-on loss (n ——

Comparison of Turn-on loss (nJ) between
CooIMOS and MOSFET

MOSFET |

Devices

CoolMOS |

0 50 100 150

Tum-on loss (nd)

g Tum-on loss (nJ)

Figure 45: Comparison of Turn — on loss (nJ) between CoolMOS and MOSFET

DISCUSSION

From the results above, 1t can be seen that the experiment results meet the
simulation results although there is slightly different of the figure obtained. May
the accuracy of the probe influence the results obtained. It is proved that as we
increase the value of power factor, the switching losses will reduced. Higher

power factor contribute to the better efficiency of the system.
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If power factor is 0.998, the peak reverse recovery current
produces is -35.821 mA. But if the power factor is 0.830, the peak reverse
recovery current produces is -21.162 mA. Moreover, if power factor is 0.998, the
CoolMOS turn — on loss produces is 56.75 nJ. But if the power factor is 0.830, the
CoolMOS turn - on loss produces is 67.75 nJ. It is proved that if we increase the

power factor the losses will be reduce.

Moreover, CooIMOS perform much better compared to MOSFET. It can
reduce almost 50% of switching losses compared to MOSFET. So, as conclusion,
in order to achieve high power factor, value of inductor play important rule, As
we reduce the value of inductor, power factor value will increase. In order to
reduce the switching losses, selection of the value of power factor and switching

devices will influences the trend of the losses produce.
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CHAPTER 5

RECOMMENDATION

After conduct this project, I feel that it is still weaknesses which can be improved in the
future. So, here, there a few recommendations:-
1) Use appropnate equipment during experiment such as current probe
2) Varies the scope of the project by doing comparison between CoolMOS and
MOSFET and IGBT in order to prove that devices are the best among those.

3) Ordering of the components must be done earlier in order to avoid late delivery

CONCLUSION

Buck converter provides an output voltage (or bus voltage) lower than the peak
line voltage, been very suitable for medium and low output voitage applications. This
converter is very suitable in investigation this power factor correction. With the limit of
power factor not less than 0.85, switching losses can be reduces by choosing the suitable
value of inductor and capacitor in order to produce high power factor. If the power factor
bigger and almost unity power factor (p.f = 1), the system become more perfect and the
best.

Switching devices also important. CoolMOS is one of the best devices because it

can reduce almost 50% of switching losses compared to MOSFET.

This project and research will exposed the student to the new development of
MOSFETS and semiconductor industry; at the same time gain some knowledge on how
to design the circuit of Buck Converter using CoolMOS. Indirectly, it practices us on how

to be a good design engineer.
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APPENDIX 1

Gantt chart of the project for semester 1
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APPENDIX 2

Gantt chart of the project for semester 2
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APPENDIX 3

List of components use
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List of components use in experiment:-

Electronic components -

a) Pulse-width modulating controller,
b) Transistor switch (CoolMOS) — SPBO7N60C3,
rated - VDS @ Tjmax =650V
-ID=73A

¢) Inductor-0.4uH, 2.5uH,4.25uH
d) Capacitor - 10 nF
e) Power diode — IDPO6E6Q
rated - Vrrv =600V
-Ir=6A

f) Resistor -2 Q (+ 5%), 10 Q (= 5%)



APPENDIX 4

Data sheet of CoolMOS — SPBO7N60C3
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. .
< Infineon
technelogies

SPPO7N60C3, SPBOTNGOC3
SPI07NGOC3, SPAOZNG0C3

Cocl MOS™ Power Transistor
Feature

» New revolutionary high voltage technology
 Ulfra low gate charge

» Periodic avalanche rated P-TO220-3-31

P-TO262-3~1

Vos @ Timax| 650 | V

Infineon

technelogias

SPPO7NE0C3, SPBO7N60C3
SPIO7N6E0C3, SPAOTNGOC3

Maximum Ratings

Rpson 08 0
In 7.3 A
P-TO263-3-2 P-T0220-3-1

+ Extreme dv/dt rated
» High peak current capability

= Improved transconductance | F™

& P-TQ-220-3-31: Fully isclated package (2500 VAC; 1 minute}

Type Package Ordering Code Marking 2{2 J;

SPPO7NBOC3 P-T0220-3-1 |Q87040-84400 O7NB0OC3 Gofe

SPBO7NGOC3 P-TO263-3-2 |QB7040-34394 D7NBOC3 pir 1

SPIO7NGOC3 P-TO262-3-1 |Q67040-54424  |OTNGOC3 it

SPAO7TNE0OC3 P-TQ220-3-31 | Q67040-54400 07N60C3 J

Maximum Ratings

Parameter Symbol Value Linit
SPP_B_I SPA

Continucus drain current ip A

Tg=25°C 7.3 7.31)

Te=100°C 4.6 461

Pulsed drain current, &, limited by Tjnay D puis 21.9 219 A

Avalanche energy, single pulse Epg 230 230 .

Iy=5.5A, Vpp=50V

Avalanche energy. repelitive tag Himited by Tna® | EaR 0.5 0.5

Ip=7 3A, Vpp=50V

Avalanche current, repefitive tag Himited by Tynay InR 7.3 7.3 A

Gate source voitage static Vas +20 +20 \'4

Gate source voltage AC {f >1Hz) Vas +30 +30

Power dissipation, ¢ = 25°C Pt 83 32 W

Operating and storage temperature Ti, Taig -55...+150 °C

Rev. 2.1 Page 1 2004-04-07

Parameter Symbol Value Lnit
Drain Source voltage siope dvidt 50 vins
Vpg=480V,Ip=T7.3A, fj=125°C
Thermal Characteristics
Parameter Symbol Values Unit
min. | typ. | max.
Thermatl resistance, junclion - case Aric - - 1.5 | KW
Thermal resistance, junction - case, FullPAK Rnicep| - - 3.9
Thermal resistance, junction - ambient, leaded Fipaa - - 62
Thermal resistance, junction - ambient, FullPAK Rinia FP - - 80
SMD version, device on PCE: Rinia
@ min. footprint - - 62
@ 6 cmZ cooling area 3 - 35 -
Soldering temperature, Tsold - - 260 |°C
1.6 mm {0.063 in.) from case for 10s
Electrical Characteristies, at 7=25°C unless otherwise specified
Parameter ’ Symbol Conditions Values Unit
min. | typ. | max.
Drain-source breakdown voltage | Viempsg Veg=0V. /=0.25mA | 600 - - )V
Drain-Source avalanche Verbs | Yas=0V, ip=7.3A - 700 -
breakdown valtage
Gate threshold voltage Vastn | o=350sA, Veg~vps| 2.1 3 3.9
Zero gate voltage drain current | /pgs Vpg=600V, Vgg=0V, pA
T=25°C . 6.5 1
T=150°C - - 100
Gate-source leakage current lass Ygg=30V, Vpg=0v - - 100 [ nA
Drain-source on-state resistance | Rpgyon) | Vas™10V, h=48A Q
T=26°C - 054 i 06
T=150°C - 148 -
Gate input resistance Rg f=1MHz, open drain - 0.8 -
Rev. 2.1 Page 2 2004-04-07




Infineon

technolagiss

SPPO7NGOC3, SPBO7NG0C3
SPIO7NG0C3, SPAO7NG0OC3

Elesctrical Characteristics

Inﬁneon SPPO7NB0C3, SPBO7NSOC3

technelogies SPI07N60C3, SPAO7NEOC3
Electrical Characteristics. at 7j = 25 °C, unless otherwise specified
Parameter Symbol Conditions Values Unit

min. J typ. [ max.
Characteristics
Transconductance Oie Vb2 /" Ros(on)rmax: - i) - |8
Ip=4.84
input capacitance Ciss Vag=0V, Vpg=25V, - 790 -~ |pF
Output capacitance Coss =1MHz - 260 .
Reverse transfer capacitance | Crgq - 16 -
Effective output capacitance,4)! Coery | Vas=oV. - 30 -
energy related Vpg=0V to 480V
Effective output capacitance,5}| Cor - 55 -
time related
Turn-on delay time Liton) V=380V, Vgg=0/13V, - 8 - |nms
Rise time _ L Ip=T.3A, Ag=120, - 3.5 -
Turn-off delay time Loty T=125°C - 60 100
Fall time & - 7 15
Gate Charge Characteristics
Gate to source charge Qs Vpp=480V, 15=7.3A - 3 - inC
Gate to drain charge Qug - 8.2 -
Gate charge total Qq Vhp=480V, ip=7.3A, - 21 27
Vgg=0 1o 10V

Gate plateau voltage Viplatean) | YDD480V, Jg=7.3A - 5.5 - 1V

1Limited anly by maximum temperature
2Repetitve avalanche causes additional power losses that can be calculated as Pay=Ear*f

3Device on 40mm*40mm*1,5mm epoxy PGB FR4 with 8cm? {one layer, 70 um thick) copper area for drain
connection. PCB fs vertical without blown air.

400(3,) is a fixed capacitance that gives the same stored energy as Coss while Vps i8 rising from D to 80% Vpga.
500(") Is a fixed capacitance that gives the same charging time as Cyg; while Vpg Is fising from C to 80% Ve

Rev. 21 Page 3 2004-04-07

Parameter Symbol Conditions Values Unit
min. | typ. | max.
tnverse diode continuous Iy Te=26°C - - 73 A
forward current
Inverse dicde direct current, Iam - - 219
pulsed
inverse diode forward voltage Vsn Vas= OV, =iy - 1 12 |V
Reverse recovery time b V=480V, Ir=lg , - 400 | 600 [ns
Reverse recovery charge Qi diFfd=100A/us - 4 - lpc
Peak reverse recovery current [ — - 28 - A
Peak rate of fall of reverse dig/dt | T=25°C - 800 -~ [Alus
recovery current
Typical Transient Thermal Characteristics
Symbol Value Unit | Symbol Value Unit
SPP_B_| SPA SPP_B_| SPA

Ry 0.024 0.024 KW [ Gy 0.00012 000012 Ws/K
Ring 0.046 0.046 Cinz 0.0004578 | 0.0004578
Rina 0.085 0.085 Cina 0.000845 | 0.000645
Ripa 0.308 0.195 Cina 0.001867 | 0.001867
Ris 0.317 0.45 Cihs 0.004795 | 0.007558
Ring 0.112 251 Cihg 0.045 0412

:. T Ry Res E T pase External Heatsink

E Par(t) - ! i e

| { 1om_[omn | :T[ JE@

| S o
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Infineon SPP0O7N60C3, SPBO7NGOC3
techn DIQHLE-S’/ SPIUTNGOCS, SPAO?NGUCS
1 Power dissipation 2 Power dissipation FullPAX
Piot = F{Tg) Pt =f(Tc)
00 PEPEEE 34
w L \\
a0 28 \
N,
767 N 24 "
N
£ &£ N
20
N
5 N 16 =
| | NEEE
40
\ T A
ao N
20 8 \%
M
10 \\ 4 | |
OD 20 40 [is] 8¢ 100 420 °C 180 UU 20 40 &0 8¢ 100 120 °C 160
—» 1o = T
3 Safe operating area 4 Safe operating area FullPAK
Ib=f{Vps) Ip = f(Vpg)
parameter: D=0, Tp=25°C parameter: D=0, To=25°C
10?2 102
A A
B » \L 1 i 14 {1
= s = ] =
- i l;t ha 5 \‘ ¥} "xi-'
£ v b AN £ // \\ N N -
™ AN
109 b cuH| 100L_2 L E'E ;
= Tt %
T tp = 0601 ms ? + i m)\ -
tp=0.01ms :g ggsu:s AN
167 p=01ms UE 10 tp=0Ams
g’(; Tms i1 tp=1ms
i tp=10ms
W 1 0o
o iR f el L L1y
10° 10" 102 v 10 107 10’ 102 v 1w?
—=  VYpg — = Vps
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technologies

SPPO7N60C3, SPBO7NG0C3
SPI07N60C3, SPAOTN60C3

5 Transient thermal impedance
Zinde = {ip)
parameter: D = §,/T
107
KW

lmllllllm
LTI [T

M

l IIIIHIE'IIIIIN‘

|1IIIIIIN1IIIIIFI

ii‘l‘lllllIIIIIIIIhI'IIIIiH

-

7 Typ. output characteristic
Ip = f(Vpgh T=25°C
parameter: #, = 10 ps, Vg

24 |
v
A
sy —— v
L
16 8.5v
8
-
T ev 7
8 5,5
. 5V
/ a5v
o
0 5 0 B g 25
—_ =
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6 Transient thermal impedance FullPAK
Zinac = F{lp)
parametsr: D = L/t

8 Typ. output characteristic
Ip =f{Vpg) T=150°C
parameter; Ip = 10 us, VGS

13
A 7
20v i R o
. 8y  THA LT
85V T T e
10 &V
s ot
£
; sav | |
i
[
i I
E 5 8V T3
Yy (|
* Bl
3 4.5V
2 Pl L
W
1
0 il

0 2 4 6 B 1012 14 1B 8 20 21y 25

—a VDg
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SPPO7N6&0C3, SPBOTNGOCS
SPIO7NG60C3, SPAOTNGOC3

9 Typ. drain-source on resistance
Rps(onyf/p)
parameter: 7§=150°C, Vas

0 T
0 v

Rpsjon)

v
8.5V
18V

: .-:-.a---f-“‘J;& [

o 2 4 8 a 10 12 A 15

10 Drain-source on-state resistance

Rps(on) = f(Tj)
parameler 1 ip =46 A, Vgs =10V

SPPOTNGOCY

34
4]

28

24

Rpsion)

2

18

-
A3

12

-
bt 0 Tl
- 1

-

0.8

N

[+ ) e

=

960 =20 20 &0 100 G 180

—w — T
11 Typ. transfer characteristics 12 Typ. gate charge
In=F{ Ves % Vps2 2 x Ip X Rps(onymax Ves =T {Qgaw)
parameter: §, = 10 us parameter: Jp = 7.3 A pulsed
EPPOTNEOEE
2 15 2T
A
v A
20 25°C )74
{ 74
18 ’ 12 74
16 o azvi LAY
£ .\.‘.5 H P2 /tu.ﬂ Vo max
1 A
160°C //
12 P i Bl il s s 8 /,
T 0 r 7
s L
g I 4
A oif
2
W
%2 4 & 6 10 12 14 16 v 2 % "4 & 12 16 20 2 Zpm 3
- Vs —w Cgate
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SPPO7NE0C3, SPBOTNGOC3
SPIO7TN6OC3, SPAGTNGOC3

13 Forward characteristics of body diode
Ie = F{Vgp)
parameter: 'I} Jtp=10us

102 DTNHANCS :
A
/f' o
' o
= 7
1
Py
it
Tm“ .—/ =
FT;=25"C typ
f T, =150 "Ciyp
: BT, = 26 °C [88%)
=~
7, = 150 °C (98%)
04 iﬂ Ll Lt ] ]

a 04 08 12 18 2 24 V3
— Vgp
15 Typ. switching time
t=f(Ag), inductive load, Tj=125°C
par.: Vpg=380V, Vgg=0/+13V, Ip=7.3 A

800
ns
400 A
350 //
- /
250 0T}
T 200 A
150 ,/ i
: td{on}
100 g
50 A\
;:S._....._
L I

0 20 4 € & 108 g 120
— Ay
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14 Typ. switching time
t= f{Ip), induclive load, T=125°C
par.: VDS=380V. VGS=OI+13V' RG=12§1

-]
ns N !] 1
tdi{off)
70 e
[
[
50
T 48
30 "
1
20 \\ tr o
0 \"""—"77-.

=
16 Typ. drain current slope
difdt = f{Ry), inductive load, Tj=125°C
par.: Vpg=380V, Vgg=0/+13V, Ip=7.3A

3000

Alps \

560

[/

]
Tt

L LT

n = 4 B a0 100 g 130
— = Hg
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technalogies

SPPO7N60C3, SPBOTNGOC3
SPI07N60C3, SPAOTNGOC3

17 Typ. drain source voitage slope
dvidt = flAg), inductive load, 7j=125°C
par.: Vpg=380V, Vgg=0/+13V, Ip=7.3A
100
Vins

oA
MR
N

dwidt

—
/
P
£
"
5

\\
3o \
NECIL \‘--.__b

L

] 20 40 &0 an £ 20

19 Typ. switching losses
E = RRg), induckive load, Tj=125°C
par.: VDS'_'SBOV‘ VGS=0f+13V, !D=7.3A

O By, inciudes SOP0BSE0
mMWS | diode commutation oases. | | | 1 4 ]
.18
G114 //
W p12 /f/
P
0.1 7 //
Eoff
T 0.08 // =
A~
.08 /" // Eon”
0.04 / /
L1
0.02 J/

0 20 a0 0 80 00 o 130

_ > Ry
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18 Typ. switching losses
E = f{lp), inductive load, T=125°C
par.: Vpg=380V, V5e=0/+13V, Re=12Q

0.025 *) E gy includes SDPOESEC
diode commutation lasses.
mls /
W a015 //
T 0.01 Eoft // /,/
0005 / ]
el Eon*
|
% 12 2 4 5 8 A B
— Ip
20 Avalanche SDA

Iar = f{taR}
par.: T;< 150 °C

a1

>
T
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SPPO7N60C3, SPBO7NGOC3
SPIO7TNGOC3, SPAOTNGOC3

21 Avalanche energy
Eag = (T
par. fp=55A, Vpp=50V

22 Drain-source breakdown voitage
Visryoss = (7))

260 720 SPPOTNEOCE
md A
v
220 \\
200 § 680
18G E‘ 60
3 160 \ = //
.
140 \ 849 )4
120 620 //
T 100 7 -
\ €00
80 5 /
a0 AN A
5680 7
45
® 568
\.‘_
%" a0 &0 80 100 126 °C 160 M9 20 2w 60 @0 ¢ 180
— 7] =T
23 Avalanche power losses 24 Typ. capacitances
Ppr=1(f) C=1{Vps)
parameter: Exg=0.5m. parameter: Vgg=0V, =1 MHz
500 10?4
/ o
W G |
109 —
x / !
L ann © 1
102
+ 200 T 3 = o |
i i
0’
100 35”
..a”".
_...-—l-—"'d o
Q5% 5 ® 10
10 10 MHz 10 0 00 20 300 40 v 800
— —m  ¥pg
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SPPO7N60C3, SPBO7NG0C3
SPI07N60C3, SPAOTNGOC3

—
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" Infineon
tschnologies

25 Typ. Gy stored energy
Eoss=f VDs)

5.5
B i .

4.5 /

T 2.5 /

15 7

0.6

— = s

Definition of diodes switching characteristics

Ty
dip ot frr =f$ +fF
/ Q:r =Qs +QF
trr
1 e f, g
: ]
‘ Lo, — 0%
" i, v
90% '!rrm
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SPPO7N60C3, SPBO7NG0GC3
SPIG7N60C3, SPAOTNGOC3

P-TO-220-3-1

1
frmtat

0104
-

2702 r
i
E

15.38:08

3x

07501
1.17 022
po-f| -

- 20250 AIB|C

All metal surfaces tin plated, except area of cut.
Metal surface min. x=7.25, y=12.3

B «
4.44

] ——

1.2740.43
r—— -

! (.05 —=]

995040
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0.5:01
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P-T0-263-3-2 (DZPAK)

10.0810 26
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1
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i i
1
1
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1.27:0.1
2.5610.16

P
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‘1.19%14
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2.6410.36
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Infineon SPPO7N60C3, SPBO7N60C3
rchnoleater - SPI07N60C3, SPAOTNGOC3

P-T0-262-3-1 (2-PAK)

T B
0.03 _n-jiq—
50 127
[ — o e e
—¥
i 0057 » i
24 | T =
¥ 1 =¥
1
Wy oF
82
R
0.5 01
1.05 4] _
3x0.75 204
025w A B C
T Typical
Metal surface min. X =7.25,Y =69
All metal surfaces tin plated, except area of cut.

P-T0-220-3-31 (FullPAK}

& Takf}
Mo F I
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Ly
-
I
L@ 3
WL/ 3 ]
i 1
- L 5. oy
o £ 3 ]
i &/
= )
g =
= &
&
-}
]
= 253085
351

Please refer to mounting instructions (application note AN-TQ220-3-31-01)
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IDPOGEE0
IDBOGESO

Fast Switching EmCon Diode

Feature

« 800 V EmCon technology

» Fast recovery
» Soft switching

= Low reverse recovery charge

« Low forward voltage
= 175°C operating temperature

» Easy paralleling

Product Summary

VerM

600

e

8

Ve

1.5

ijax

175

P-TO220-3.8MD

P-TO220-2-2,

»

Type

Package

Ordering Code

Marking | Pin 1

{DPOGESD

P-TO220-2-2.

QE67040-54480

DOGEGD c

IDBOGESD

P-TQ220-3.5MD

Q67040-34481

DOBEGD | NC

Maximum Ratings, al 7; = 25 °C, unless ctherwise specified

Parameter

Symbol

Value

Unit

Repelitive peak reverse voltage

VRAM 600

Continous forward current

To=25°C
To=90°C

14.7
10

Surge non repetitive forward current
Tc725°C, 1,=10 ms, sine halfwave

frsm

29

Maximum repetitive forward cumrent
T5=26"C, £, limited by T, D=05

22

.—'—
( Infineon IDPOSEGO
tachnalagiss IDBOSESD
Thermal Characteristics
Parameter Symbol Vaiues Unit
min, E typ. f max.
Characteristics
Thermal resistance, junction - case Ring - - 32 KW
Thermal resistance, junction - ambient, leaded | Ryya - - 62
SMD version, device on PCE: Rinaa
@ min. footprint B - 62
@ 6 em? gooling area ¥ - 35 -
Electrical Characteristics, at 7) = 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min, l typ. [ max.
Static Characteristics
Reverse laakage current In A
VR=0800V, T]=25"C - - 50
V=600V, Tj=150°C - - 500
Forward voltage drop Ve v
Ip=6A, TF25°C - 1.5 2
Ip=8A, T=150°C - 1.5 -

Power dissipation

T=25°C
Te=90°C

46.9
26.6

Operating and storage temperature

7. Ttg -55...+175

°c

Soldering temperature
1.6mm({0.063 in.) from case for 10s

255

°C

Rev.2

Page 1

2003-07-31

1Deavice on 40mm*40mm*1 5mm epoxy PCB FR4 with 6cm? (one layer, 76 pm thick) copper area for drain

connection. PCB is vertical without blown air.
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Infineon IDPOSEGD
techselogias iDBOSEeo
Electrical Characteristics, at 7j = 25 °C, unless otherwise specified
Parameter Symbol Values Unit
mit. l typ. ] max,
Dynamic Characteristics
Reverse recovery time by ns
Vig=400V, Jp=6A, didE=550A4s, Tj=25°C - 70 -
V=400V, [z=6A, dildE=550As , T;=125°C - 100 -
Vr=400V, ip=BA, difd=550Aks , T;=150°C - 105 -
Paak reverse current frm A
VR=400V, p=6A, difdt=550A/s, Tj=25°C - 6.5 -
Vr=400V, /r=6A, difdi=550A/s, Tj=125°C - 7.4 -
VR=40DV, fp=6A, didi=550Alus, T=150°C - 78 -
Reverse recovery charge Qe nC
V=400V, [p=68A, dildt=550A/s, T;=25C - 240 -
VR=400V, Jp=6A, difdi=550A/s, T;=125°C - 360 -
VR=400V, Jp=6A, difdt=550A/us, T;=150°C - 400 -
Reverse recovery softness factor S
V=400V, ip=6A, dipidi=550A/s, T=25°C - 4 -
VR=400V, Ip=6A, dip/di=550Alus, T=125C - 48 -
VR=400V, [r=BA, dip/dt=650Alus, T=150°C - 4.9 -
Rev.2 Page 3 2003-07-31

Infineon IDPOGEGD
achnologieg IDBOGEGO
1 Power dissipation 2 Diode forward current
Pt = {Tg) fe=HTc)
parameter: Tj 2175 °C parameter: 7;175°C
50 16
WON A R
40 \.\ » \\
35 T \
3 N ™.
[+ 8 3 M L it \
) A a N
? 2 1 4\\ T 6 \
15
\ .
10 \ |
5 ‘\ 2

ﬂ25 50 75 100 125 k¥ 175

—» Tc

3 Typ. diode forward current
fe = F{VF)

N | /A
/A
o/

14 «55°C /
25°C
100°C

1z 150°C

Rev.2 Page 4

QZS 50 75 100 125 "G 178

— = Tz

4 Typ. diode forward voltage

VE=F{(T})
2 <
vV |t
28
et
18
A
17
¥ e
15 L e e e .
T 14— i
1.2 T
A
1.2 e
11 \
%0 20 20 60 100 ¢ 160
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tachaologias

5 Typ. reverse recovery time
by = f {dig/df)
parameter. Vi =400V, T;=125°C

300

ns

e

AN
s \\. h
1m\\\\\\$§x\\
F N
~

50

gon 300 400 500 800 Alus 800
e digidt
7 Typ. reverse recovery current
Iy = F{dig/dl)
parameter: Vi =400V, 7= 125°C

IDPOBESD
IDBOGEGD
€ Typ. reverse recovery charge
Qr=fdig/dt)
parameter: ¥z =400V, T, = 125°C
B850
aC 12A
500
124 =
\ // Iy 475 L
3A p 450
o
425
400
e | - A
e ] ! 350~ =
I 325
— ]
300 EYY
275 R ———

oo o0 400 500 600 Afus  8a0
— w dig/dt
8 Typ. reverse recovery softness factor
S = f{dig/df)
parameter: Vg = 400V, T; = 125°C

1 11
A // ™
==L N g ]
. . 3A \Yr// ) RN \\ \(/ |
S N
’ 'a NS LTS
LA T N
4 RS R
5////// ] -
‘-“_""‘--
N74 2
. 1
I
SQD 3eo 400 500 B0D A,il_[s 400 gﬂﬂ 300 40C 500 8BGO YOO BO( Nus 1000
e dipdt o dipidt
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IDPC6ESO
IDBOGEGO

9 Max. transient thermal impedance
Zinac = fltp)
parameter : D = tp/T

0’
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IDPOSEGO
IDBOGEGC

TO-220-2-2

N
P dimenelons
- bel ford fnch]
min rax relty e

9.70 30,10 | 0.3818 | 3976
1536 | 1580 | 0.602¢ | G.6280
0.65 085 | 0.0258 | QU335
35 385 | 0.1388 | 01518
2.60 300 1 0.1024 | 0.1181
9.00 840 | 0.3543 | 0.3701
13.00 | 44.00 §{ 0.5118 | 05512
17.20 | 17.80 { 6772 | 0.7008
440 480 % 04732 1 0.1890
0.0236

441y, 0. 573 E.
110 | 140 | 0.0533 | 00561
24 typ. 0.086 yp.
B61yp. 0.26 typ.
1340 iy, 051 typ.
7.6typ. C.295 Wp.
oo | 040 | ocoon | coier

T
x[s{<|cl4siz|=z]r|=s]~[=z|e|n|miojo|n|>

[=1

&

[=]

2

o

2

E]
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IDPOGEGO
technoiogies IDBOGEGD
TO-220-3-45 (P-TO220SMD}
H dimensions
b— A — ymoolf .. ol |
ol 5 e
A 980 | .00 | 03858 | 0.3857
T T T ] 13tyn (LAY
C 125 | 1.75 | 00482 | 0.0660
{} 3 0 | 0bs | 115 | o374 [
£ Z54yp. 0.1 fyp.
e M N F 042 | 085 [oo283[ o036
1 3 P: l s 5081yp. TZp
17 Tb H | 430 | 450 | o189 | 0172
—Tf'—D T «a s “R K | 128 | 140 | 0omq | odst
1 l L 500 | 840 | 03663 | 03701
s k=g 1 WM | 280 | 260 | 00506 ] 506
F T N 4. yp. 06851 typ.
P 000 ] 020 ] 00000 cGare
e G | 330 | a8 0.1299!9.4535
R’ 8" rax 8" max
Fooipiing 8 170 | 280 §0.0069 [ 0.0884
[dif. scaie) T 060 [ 065 | 00197 | 0.0268
? u 10.81yp. 04252 typ.
i v v T35, GEE3Z i
UE i W W BASyp. G.2532 typ.
k3 X 4.80yp. 0.1811 yp
y X Y 5.4D%p. G701 typ.
M z T8.151yp. 0.6358 typ.
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SUMMARY OF RESULTS

Table: Summary of Simulation results

Characteristics p.f= 0998 p.f=0.930 p.f=0.830
Peak Reverse Recovery Current -35.821 -31.981 -21.162
(mA)
Diode Turn-off (nd) 144 16.9 182
Co0oIMOS Turn-on loss (nJ) 56.75 67 67.75

Table: Summary of Experimentation results

Characteristics pf=0998 | pf=0930 p.f=0.830
Peak Reverse Recovery Current -35.821 -31 .981. -21.162
(mA)
Diode Turn-off (nd) 15.3 15.8 20.1
CoolMOS Turn-on loss (nJ) 537 62.8 65.9

Power Factor

Comparison data between simulation and

p.f=0.998
p.f= 0.930

p.f= 0.830

experimentation

20 40 60
Total Energy Losses (nJ)

80 100

& Total Energy Loss (nJ) Simulation m Total Energy Loss (nJ) Experiment




