
[image: image1.emf]Template_sample_pa per.pdf

[image: image2.jpg]the Institution of

Fngineering and Technology




COMMUNITIES CALL FOR PAPERS EVENTS - PUBLISHING PAPERS

Manuscript Preparation Guidelines for Conference Papers
This document outlines the process for AUTHORS to follow to ensure papers submitted for a Community Call for Papers event are prepared and presented correctly to ensure publication in the IETDigital Library, Inspec and IEEE Xplore.
Note: A Communities Call for Paper Event is referred to as ‘Conference’ in this document
1. 
Manuscript Submission
Please ensure that your conference paper satisfies the following points:

1.1
Originality: is the work scientifically rigorous, accurate and novel? Does the work contain significant additional material to that already published? Has its value been demonstrated? 

1.1.1
 Plagiarism: all conference papers submitted to the IET for publication must record original work which has not been published previously. Any alleged cases of plagiarism will be dealt with according to the IET Policy in Relation to Plagiarism, Infringement of Copyright and Infringement of Moral Rights and Submission to Multiple Publications. 

1.1.2 
Multiple submissions: the IET does not permit manuscripts included in its conference proceedings to be simultaneously under review for another conference or publication.  

Once a case of multiple submission has been established, the paper/s in question will be immediately declined for publication by the IET. 
1.2
Relevance: is the material appropriate to the scope of the conference to which it is submitted? 

1.3
Clarity: is the English clear and well written? Poorly written English may obscure the scientific merit of your paper. Are the ideas expressed clearly and concisely? Are the concepts understandable? 

2. 
Manuscript Presentation
2.1
Length: The maximum allowed length of the full paper is 8 A4 pages. Authors are requested to submit a PDF file of their papers. All PDFs should be set to PDF version 1.4 (Acrobat 5), and all fonts within the PDF need to be 'embedded subset'. 

2.2
Format: Text including equations must be typed single spaced in any of the following font types: Times, Times Roman, Times New Roman or Symbol. Use 10 pt for the text, 12 pt for the headings and 11 pt for subheadings, and 18 pt for the title. The title should be typed in capital letters and centered. The text should be set in two columns that are 8.8 cm wide and justified, and separated by a margin of 0.4 cm. 

2.3 
Author affiliations: these should immediately follow the title. For multiple-authored articles, list the names of all the authors, followed by the full postal and email addresses, using identifiers to link an author with an address where necessary. 

2.4
Language, spelling and grammar: all papers must be written in UK English. If English is not your first language, you should ask an English-speaking colleague to proofread your paper. Papers that fail to meet basic standards of literacy are likely to be declined.

2.5
 Abstract: This should be informative and suitable for direct inclusion in abstracting services as a self-contained article. It should not exceed 200 words. It should indicate the general scope and also state the main results obtained, methods used, the value of the work and the conclusions drawn. No figure numbers, table numbers, references or displayed mathematical expressions should be included.

2.6
Keywords: List a maximum of five keywords and place them before the abstract. 

2.7
 Figures and figure captions
2.7.1. 
Each figure should be explicitly referred to in numerical order and should be embedded within the text at the appropriate point. Each figure should have a caption underneath. 

2.8 
Tables
2.8.1. 
Tables should be referred to in numerical order in the text and should be embedded within the text at the appropriate point. Each table should have a caption underneath. 

2.9
Mathematics and equations
2.9.1 
When writing mathematics, avoid confusion between characters that could be mistaken for one another, e.g. the letter 'l' and the figure one. 

2.9.2
Equations must fit into a two-column print format. 

2.9.3
Equations should be numbered consecutively throughout the text and referred to in numerical order. 

2.9.4
Vectors and matrices should be in bold italic and variables in italic. 

2.9.5
If your paper contains superscripts or subscripts, take special care to ensure that the positioning of the characters is unambiguous. 

2.9.6
Exponential expressions should be written using superscript notation, i.e. 5×103 not 5E03. A multiplication sign should be used, not a dot. 

2.9.7
Refer to equations using round brackets, e.g. (1).

2.10
Acknowledgments

Grants, financial aid and other special assistance may be described in an ‘Acknowledgements’ section following the conclusion.

2.11
References
2.11.1
The IET uses the Vancouver (numerical) system for references. You should number your references sequentially through the text, and each reference should be individually numbered and enclosed in square brackets (e.g. [1]). 

2.11.2 Please ensure that all references in the Reference list are cited in the text and vice versa.

2.11.3 Please also ensure that you provide as much information as possible to allow the reader to locate the article concerned. This is particularly important for articles appearing in conferences, workshops and books that may not appear in journal databases. 

2.11.4
 Do not include references for papers that have been submitted and not accepted for publication. Papers that have been accepted for publication are allowed as long as all information is provided. 

2.11.5
 Please provide all author name(s) and initials, title of the paper, date published, title of the journal or book, volume number, editors (if any), and finally the page range. For books and conferences, the town of publication and publisher (in parentheses) should also be given. 
2.12   Examples of the ways in which references should be cited are given below:
Journal article
· Smith, T., and Jones, M.: ‘The title of the paper’, IET Syst. Biol., 2007, 1, (2), pp. 1–7

Conference paper
· Jones, L., and Brown, D.: ‘The title of the conference paper’. Proc. Int. Conf. Systems Biology, Stockholm, Sweden, May 2006, pp. 1–7

Book, book chapter and manual
· Hodges, A., and Smith, N.: ‘The title of the book chapter’, in Brown, S. (Ed.): ‘Handbook of Systems Biology’ (IEE Press, 2004, 1st edn.), pp. 1–7 

· Harrison, E.A., and Abbott, C.: ‘The title of the book’ (XYZ Press, 2005, 2nd edn. 2006)

Patent
· Brown, F.: ‘The title of the patent (if available)’. British Patent 123456, July 2004 

· Smith, D., and Hodges, J.: British Patent Application 98765, 1925

Thesis
· Abbott, N.L.: ‘The title of the thesis’. PhD thesis, XYZ University, 2005

Standard
· BS1234: ‘The title of the standard’, 2006

Website
· http://www.theiet.org, accessed April 2006

3 
Post-print Policy
3.1 
The author may post post-prints of their conference papers published by the IET on repositories, servers and websites of any sort, provided that these servers are operated by the author's institution or the funding body contributing to the research. To comply with funding requirements, authors may also deposit their conference papers in repositories (or mirror sites) designated by the funding body. 


The conditions attached to this are as follows: 

3.1.1 
Access to such servers is not for commercial use and does not depend on payment of access, subscription, or membership fees.


3.1.2 
The following wording clearly appears on the front page of the post-print: 

"This paper is a post-print of a paper submitted to and accepted for publication in Conference Proceedings of conference title and is subject to Institution of Engineering and Technology Copyright. The copy of record is available at IET Digital Library" 

3.1.3
The post-print must be the author's version and not the IET version/PDF. 

3.1.4
The post-print must not be posted prior to publication of the paper by the IET and when posted any preprint version should be removed. 
4
 Copyright
4.1 
Your conference paper should be accompanied by a signed copyright form named Event Non Exclusive Publication Agreement.
4.2 
Copyright: Unless the paper is either "United Kingdom Crown copyright" or "a work of the US Government and in the Public Domain", the Bylaws of the IET require that copyright should belong to the IET.

4.3 
Right to publish: An author submitting a paper should ensure that he or she has the right to publish the paper and that it contains nothing defamatory. The IET will assume that all co-authors have agreed to the submission of any paper received.
5 
Permissions to Reproduce
5.1
 All authors must secure permission from the copyright holder for reproducing previously published text, figures and tables. The source of the reproduced material must be given in full and the words 'Reproduced by permission of .....' included with the illustration.
Conference papers should be structured as follows: 

Title

Author(s)

Affiliation(s)

Keywords

Abstract

Introduction

Methodology

Results

Conclusion

Acknowledgement

References
2C
Template Sample paper


[image: image3.png]e Institution of
nd Technology

~r Y L





_1417350141.pdf


A POWER DENSE DC-DC CONVERTER FOR A SMALL 
ELECTRIC VEHICLE  


F.J. Bryan*, A.J. Forsyth* 


*University of Manchester,UK. F.Bryan@manchester.ac.uk 
 


 
Keywords: Power-Dense, Interleaved-Boost, DC-DC 
Converter, Electric Vehicle, Finite-Element-Analysis 


Abstract 


A power dense DC-DC converter is required to interface a 
supercapacitor energy buffer with a higher voltage traction 
drive in a small electric vehicle application. A converter 
design and component selection process is described for a 
bidirectional, 18 kW, dual interleaved boost converter with 
interphase transformer. The physical construction of the 
converter is optimised to increase volumetric and gravimetric 
power density and simplify assembly. The prototype 
converter achieves a power density of 6.5 kW/kg and 
7.9 kW/l. Converter efficiency and thermal results are 
presented and component mass and loss audits are included. 


1 Introduction 


Electric vehicle traction drives are often operated at fixed 
high voltages to improve traction system efficiencies whilst 
sources such as supercapacitors, batteries and fuel cells often 
operate at lower voltages, which vary with demand or state-
of-charge. DC-DC converters are therefore required to 
interface these components with, high power density being a 
key design criterion of automotive systems. 


The target vehicle in this research was a small electric vehicle 
(1800 kg) which utilises a 200 V, 20 kW, traction drive, a 
10 kW fuel cell with voltage varying from 140 V to 70 V at 
full load and a supercapacitor bank operating between 100 V 
and 50 V. The drive-train configuration is shown in Figure 1 
and the 18 kW bidirectional converter used to interface the 
supercapacitors is the focus of this paper. 


 


 
Figure 1. Traction System Architecture 


 
 
 


2 Converter Topology 
The boost converter is a simple non-isolated topology, which 
has been widely implemented in vehicles due to its simplicity 
[1-5]. The drawback of the converter is the discontinuous 
output current resulting in a larger capacitor requirement. The 
majority of designs therefore operate multiple converters in 


. A variation of 
this approach is used by Calderon-Lopez [1] and Hirakawa 
[6] where a single inductor is used along with an interphase 
transformer (IPT) or inversely coupled inductor shown in 
Figure 2. 
 


 
Figure 2. Interleaved Boost Converter with IPT 


 
 
The interleaved boost converter with IPT switches with a 
phase shift of 180 and uses the IPT to reduce the AC voltage 
across the input inductor. Furthermore, the input inductor is 
subjected to operation at twice the switching frequency, 
reducing the inductance requirement for a given input current 
ripple and allowing the use of smaller magnetic cores. A 
cancellation of the DC flux is also experienced by the IPT 
allowing its design to be optimised for AC excitation. A range 
of designs for an IPT configuration and a two inductor 
configuration are compared in [1] and the IPT designs result 
in consistently lower losses.  The IPT circuit is therefore 
likely to produce lower losses and lower mass magnetic 
components which should result in a higher power density 
converter. 
 
Assuming that the input current is shared equally by the two 
phases and that the input current is continuous, three distinct 
operating modes are possible for Duty ratio D: D < 0.5, 
D = 0.5 and D > 0.5. Figure 3 shows the operation of the 
converter using ideal, lossless components, at D = 0.5 and 
D = 0.75, the two extremes of operation for this converter. 
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Figure 3. Dual interleaved boost with IPT waveforms 


 


3 Converter Design and Construction  
Water cooling is used as a common method of reducing the 
volume of a converter as the internal space required for air 
flow is no longer required. The thermal management concept 
for the converter is to use a single liquid-cooled cold plate to 
remove all losses, allowing the final unit to be housed in a 
sealed case. It is assumed that the converter is a minimum of 
95 % efficient at maximum input power resulting in 900 W of 
losses when operating at 18 kW. The Lytron CP15 [7] pressed 
tube aluminium cold plate is used as a typical off-the-shelf 
water-cooled cold plate. The CP15 has a thermal resistance of 
0.01  


  the maximum 
coolant temperature for the traction drive in this example. 


3.1 MOSFETS 


The switching device losses are calculated for operation in 
boost mode as in this application there is a higher demand 
during vehicle acceleration than during supercapacitor 
recharge. In this operating mode, Q1 and Q2 are the 
conducting MOSFETs whilst the body diodes of MOSFETs 
Q3 and Q4 are operated as the converter freewheeling diodes.  


It is assumed that the currents in the converter are shared 
equally by the two phases due to the use of peak current mode 
control and the losses in the devices are therefore considered 
to be equal for each leg, PQ1 = PQ2 and PQ3 = PQ4. 


A range of 300 V, 100-140 A, MOSFETS were compared and 
the APT30M17JLL device was selected due to lower 
expected losses and a low junction to heat-sink thermal 
resistance. 


3.2 Inductor 


To design the inductor an algorithm was used to identify 
inductor designs which satisfy the minimum inductance 
requirement for the converter specification. A range of core 
parameters is loaded, in this case the FINEMET C core range 
from Hitachi are used due to the low loss and high operating 
flux limit (1.2 T). For each core size, the gap length is 
calculated for an increasing number of turns from one to an 
upper limit. Designs which have a gap length, which exceeds 
the manufactures recommendations are removed from the 
suitable designs list. The peak flux density is then calculated 
to ensure it does not exceed the material saturation point. The 
gap, core and copper losses are then calculated using 
equations from [8, 9] assuming a copper foil winding. There 
are multiple solutions that satisfy the converter requirement, 
for each core, trading the gap length against an increasing 
number of turns. The results allow a comparison of suitable 
designs by individual loss mechanisms as well as total 
component loss.


 
 


Equation (1), from [8, 10], describes the required air-gap, lg, 
to satisfy a given inductance requirement, L, assuming a peak 
current, Î, maximum flux, BMAX, and a core cross-sectional 
area, Ac.  


   


-7 24 C
l =g L   (1) 


The fringing flux at the core gap has the effect of reducing the 
reluctance of the circuit and therefore increasing the 
inductance, L. Equation (2) from [8] is an approximation of 
the fringing factor, F, to account for this effect, where c is the 
core window height. 


ln
l 2cgF = 1 +


lA gc
  (2) 


To remove the recursive process for calculating the fringing 
factor, equations (1) and (2) are combined to form (3) which 
can be rearranged into the form of (4) where p is defined by 
(5).  
 


ln
-7 24 c l 2cgl = 1+g L lA gc


 (3) 


e e


p Ac
lp A p AA gc cc =


2c lg
 (4) 


-7
p =


24 c
L   (5)


 


 
The Lambert function, denoted by the operator W, can be 
used to calculate the solution of equation (6) for any complex 
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number, z. This allows equation (4) to be resolved into 
equation (7). 


e
W z


z = W z
   (6) 


 


e


Acl =g L Ac
-7 24A ccW


2c
  (7)


 


 
 
The approximated losses of the most efficient design for each 
core are shown in Figure 4.


 
The inductor designs are then 


compared using a thermal FEA model to approximate the 
temperature rise in the hotspot of the core. This allows the 
smallest core design to be selected that does not exceed the 
thermal limit of the core epoxy including a safety factor. 


 


Figure 4. Inductor Loss Comparison 
 


 


Figure 5. Inductor thermal FEA model example result 
 
The FEA model has been experimentally validated and 
produced less than a 5°C error in experimental testing [9]. 
The model assumes the inductor is encased in an aluminium 


heat-sink as shown in Figure 6. The simulation results 
identify the F3CC0025 core as a thermally suitable design, 
which is smaller than the F3CC0040 core selected for forced 
air cooling at 2 CFM. 


 
Figure 6. Potted inductor drawing 


3.3 Interphase Transformer 


The IPT design is performed in the same manner as the 
inductor design, but the highest losses occur at 50 % duty 
ratio, with maximum input current, 180 A, since under this 
condition the VA-VB voltage is a square-wave of ±Vout, 
resulting in the maximum AC flux condition. As the IPT has 
very little DC flux it is not gapped and so the losses are more 
evenly distributed throughout the core and coil. This is 
apparent in the example IPT FEA results shown in Figure 7 
for a ferrite ETD core and FINEMET C core, left and right 
respectively, compared with the inductor results in Figure 5. 
 


 
Figure 7. IPT thermal FEA model example results 


 


3.4 Bus-bars and Capacitors 


The bus-bars are etched copper sheets. A large surface is used 
and a thin layer of insulation to reduce EMI from the bus-bars 
and to minimise parasitic inductance [11]. Adhesive 


sheets before 
assembly. The bus-bars are etched to locate onto a number of 
nylon pillars mounted on the cold plate. The bus-bars are then 
connected directly to the switching devices using aluminium 
pillars to simplify assembly and reduce converter height. 


The EVS ceramic capacitor series was selected as these 
components have a lower mass and volume than the 
alternative polypropylene capacitors. The ceramic capacitors 
have only 8 % of the volume of the Colonel Dubilier 
polypropylene alternative, with the added advantage of the 
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low profile package improving heat extraction [12]. These 
capacitors also appear to have been an enabling feature of the 
power dense converter described by Hirakawa [6].  
 


 
Figure 8. Capacitor comparison 


 
The converter uses a double-sided connection of capacitors on 
the bus-bar before the module is mounted onto the converter. 
This reduces the converter footprint and ensures equal 
distances between all of the capacitors to improve current 
sharing. 
 


 
Figure 9. Bus-bar and capacitor module 


3.5 Physical construction 


The converter is constructed around a pressed copper tube 
aluminium water-cooled cold-plate. The cold-plate acts as the 
central structure of the converter, the switching devices and 
output capacitors are on the top face and the two potted 
magnetic components are on the bottom to maximise 
utilisation of the cooling surfaces. 
 
The inductor and IPT are encased in aluminium heat-sinks 
with a small clearance around the components filled with a 
thermally conductive compound. The inductor is a  
FINEMET C core (F3CC0025), wound with copper foil 
whilst the IPT is an Epcos ETD59 core wound with strands of 
enamelled copper wire. The inductor and IPT are shown 
before potting in their aluminium enclosures in Figure 10 
from left to right respectively. 
 


 
Figure 10. Magnetic components in aluminium heat-sinks 


Figure 11 shows the exploded converter diagram identifying 
the key components whilst Figure 12 is a photograph of the 
prototype converter. 
 
 


 
Figure 11. Converter exploded diagram 


 
 


 
Figure 12. Converter prototype 


 
 


 
The converter prototype shown in Figure 12 achieves 18 kW 
operation in a volume of 2.3 litres resulting in a power density 
of 7.8 kW/l. The masses of the individual components are 
shown in Table 1, including an approximated casing mass 
assuming a 1.5 mm thick aluminium enclosure. The total 
uncased mass is 2.79 kg resulting in a gravimetric power 
density of 6.45 kW/kg, this is reduced to 4.3 kW/kg when the 
casing is included as the total mass is increased by 49 %. 
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Table 1. Converter mass breakdown 


Component Description Mass 
(g) 


Copper bus-
bars 


Input and output copper 
bus-bars 122 


Filter 
capacitors 


Murata filter capacitors 
Input and output 208 


MOSFETs Switching devices 116 


Cold plate Lytron CP15 cold plate 
(dry) 348 


Inductor and 
coil 


F3CC0025 FINEMET core 
and copper coil 660 


Inductor 
casing 


Potting compound and 
aluminium for inductor 396 


IPT core and 
coil ETD59 core and copper coil 544 


IPT casing Potting compound and 
aluminium for IPT 293 


PCB PCB populated with 
components 81 


Mounting 
pillars etc. 


Mounting pillars, cabling, 
connectors 100 


Casing 


Predicted mass of a 1.5mm 
aluminium case surrounding 
the converter volume +10% 


for mounting 


1360 


TOTAL Total converter mass 
(including case) 


2787 
(4147) 


 


4 Converter Test Results and Losses 
The converter efficiency was measured at a range of input 
voltages and powers and compared with the loss 
approximations used in the design. At low current operation 
the converter operates at approximately 98% efficiency. As 
the converter power is increased the efficiency drops as low 
as 90 %.  


The expected efficiency at minimum input voltage, 50 V, is 
within 1 % of the measured efficiency. The expected losses in 
the converter are dominated by the conduction losses in the 
MOSFETs and small errors can be accounted for by an 
increased device resistance over the specified value. The 
approximations of the IPT and inductor losses will have a 
smaller effect as the combined magnetic component losses 
account for approximately one sixth of the total converter 
losses. 


At the maximum input voltage, 100 V, the difference is 
significantly greater between expected and measured 
efficiency values. At powers below 15 kW the trend is 
towards a peak power efficiency of 94 %, similar to the 
expected value. Table 2 shows a breakdown of approximated 
losses and the converter efficiency at maximum input voltage 
(50 % duty ratio) and minimum input voltage (75 % duty 
ratio). 
 


Table 2, Estimated major component losses 
Duty 
Ratio 


Inductor IPT Each 
MOSFET 


Each 
Diode 


Efficiency 
(Power) 


50 % 23 W 68 W 180 W 55 W 96 % 
(18 kW) 


75 % 39 W 45 W 272 W 28 W 92 % 
(9 )kW 


 
The temperature rise of a number of thermocouples embedded 
in the inductor and IPT is shown in Tables 3 and 4 for 
operation at 75 % duty ratio and 50 % duty ratio respectively. 
The results are within 5 °C of the FEA model steady state 
predictions. 
 
Table 3. Steady state temperature rise over heat-sink at 50% 


duty ratio, 175A input current 
Location Temperature rise 


above heat-sink 
Inductor gap face 1 3 °C 
Inductor gap face 2 3 °C 
Inductor core side 3 °C 
IPT core centre 40 °C 
IPT coil centre 29 °C 


IPT coil top 28 °C 
IPT core mid leg  20 °C 


 
Table 4. Steady state temperature rise over heat-sink at 75% 


duty ratio, 160A input current 
Location Temperature rise 


above heat-sink 
Inductor gap face 1 24 °C 
Inductor gap face 2 25 °C 
Inductor core side 6 °C 
IPT core centre 42 °C 
IPT coil centre 33 °C 


IPT coil top 32 °C 
IPT core mid leg  7 °C 


 
The model accuracy is higher for the inductor than for the IPT 
as the individual strands copper winding are more complex to 
model due to the increased number of thermal boundaries. 


5 Conclusions 
A prototype DC-DC converter has been designed and 
constructed to achieve a high power density, 7.8 kW/l and 
6.45 kW/kg. The converter uses a water cooled cold-plate and 
magnetic components potted in aluminium heat-sinks to 
achieve the power density. An inductor design algorithm for 
comparing losses and a thermal FEA model of the magnetic 
components has been used to identify a low volume and low 
mass solution within material thermal limits.   


SAMPLE







References 
[1] G. Calderon-Lopez, A. Forsyth, and D. R. Nuttall, 


"Design and Performance Evaluation of a 10-kW 
Interleaved Boost Converter for a Fuel Cell Electric 
Vehicle," in Power Electronics and Motion Control 
Conference. vol. 2, 2006. 


[2] M. Gerber, J. A. Ferreira, I. W. Hofsajer, and N. 
Seliger, "A very high density, heatsink mounted 
inductor for automotive applications," in Industry 
Applications Conference, 2002. 37th IAS Annual 
Meeting. Conference Record of the, 2002, pp. 948-
954 vol.2. 


[3] M. Gerber, J. A. Ferreira, N. Seliger, and I. W. 
Hofsajer, "Design and evaluation of an automotive 
integrated system module," in Industry Applications 
Conference, 2005. Fourtieth IAS Annual Meeting. 
Conference Record of the 2005, 2005, pp. 1144-1151 
Vol. 2. 


[4] M. Gerber, J. A. Ferreira, N. Seliger, and I. W. 
Hofsajer, "Integral 3-D thermal, electrical and 
mechanical design of an automotive DC/DC 
converter," Power Electronics, IEEE Transactions 
on, vol. 20, pp. 566-575, 2005. 


[5] B. Eckardt, A. Hofmann, S. Zeltner, and M. März, 
"Automotive Powertrain DC/DC Converter with 25 
kW/dm3 by using SiC Diodes," 2006, pp. 7 9. 


[6] M. Hirakawa, M. Nagano, Y. Watanabe, K. Andoh, 
S. Nakatomi, and S. Hashino, "High power density 
DC/DC converter using the close-coupled 
inductors," in Energy Conversion Congress and 
Exposition, 2009. ECCE 2009. IEEE, 2009, pp. 
1760-1767. 


[7] Lytron Inc,"cold_plate_techcomp_chart", 2008, 
available online from: www.lytron.com/cold-
plates/cold-plates-overview.aspx [04/05/10] 


[8] W. T. McLyman, Magnetic Core Selection for 
Transformers and Inductors. New York: Marcel 
Dekker, 1982. 


[9] F. Bryan, "Power Train Design for Small Fuel Cell 
Vehicles" University of Manchester, Manchester, 
EngD Thesis, Jan 2011 


[10] Metglas Inc,"Application Guide: Power Factor 
Correction Inductor Design For Switched Mode 
Power Supplies Using Metglas Powerlite C-Cores", 
2009, available online from: 
http://www.metglas.com/downloads/apps/pfc.pdf 
[08/08/10] 


[11] M. C. Caponet, F. Profumo, R. W. De Doncker, and 
A. Tenconi, "Low stray inductance bus bar design 
and construction for good EMC performance in 
power electronic circuits," in Power Electronics 
Specialists Conference, 2000. PESC 00. 2000 IEEE 
31st Annual, 2000, pp. 916-921 vol.2. 


[12] 
Next Series of Power Electronics", 2007, available 
online from: 
http://www.murata.com/articles/ta06d2.pdf 
[01/10/2010] 


 
 


SAMPLE










