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ABSTRACT

IPEM(Integrated Power Electronic Module) targets to develop a packaging te€hnalogy which provides three-
dimensional planar packaging including a unique package resistance, bettér thermal transfer, lower parasitic
problem and ultra-fast switching performance which is the major problem faced in creating a electronic circuit
contains IGBT, MOSFET , SOD etc (Power electronic devices)/. It alsonmeets the increased réquirements
towards ampacity and heat dissipation, Increasing power leyels and power. density for multiple end products,
not only in new but also in already established packages. It Overcome the“given, package limitations and
provides an easy way to cool the devices and to connect them to the outer circuit. It provides a very compact
and efficient way to design an electronic circuit.
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I. INTRODUCTION

The fundamental approachito power conversion has steadily moved goward high-frequency synthesis resulting in
important reductionsghn converter performance, size, weight and cost. However, in some high frequency power
conversion technologies jfundamental limitsare being réached that will not be overcome without a radical
change in the design and implementation of powerfelectronics systems. It is well recognized within the
industrial® sector that the performance of power electronics systems were driven by improvements in
semiconductor components over the last decades. Moving from bipolar to MOSFET technology has resulted in
speed increases that, today, test the limits of packaging inductance and thermal handling. Thus, an order of
magnitude increase inyswitching Speed; which is possible with new device technologies, will require substantial
reductions in structural eapacitances and inductances associated with device and system-level packaging. For a
typical power electronics system, individual power devices are mounted on the heat sink, and the drivers,
sensors, and protection cirCuits are implemented on a printed circuit board and mounted near the power devices.
The manufacturing process for such equipment is labour and cost-intensive. However, some manufacturers have
taken a more aggressive approach in recent years, developing a high level of integration where power
semiconductors in the die form are mounted on a common substrate with wire bonding. Although the wire
bonding technology has seen many improvements in reliability, this approach still limits the possibilities of
three-dimensional integration, as well as having electromagnetic layout constraints. The thermal management in
this type of packaging is essentially limited to one-dimensional heat flow, while the reduction of structural
inductance associated with bonding wires have limitations. It is perceived, how however, that power electronics
modules constitute one of the driving forces towards modularization and integration of power electronics

systems. Recent innovations in power modules have been mostly pushed by semiconductor development with
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the help of improved layout and packaging technologies. The development trends are focused on increasing
current and voltage levels, increasing temperature, enhancing reliability and functionality, as well as reducing
size, weight and cost New ideas on power modules include the reduction of the number of interfaces to reduce
the number of solder layers and the risk of solder imperfections and thermal fatigue. Another concept that has
been around is the elimination of the base plate from the power module, first observed at low power and now
migrating to higher power applications. In terms of reliability improvement, devices using low temperature joint
(LTJ) technology do not change their thermal resistance after extensive power cycles (>50 000), as opposed to
devices using low temperature conventional solder techniques that achieve the end of useful life after 30 000
power cycles While semiconductor devices are still one of the dominant barriers for future power system
development, devices do not currently pose the fundamental limitation to powefyconversion technology. It is
rather packaging, control, thermal management, and system integration issugs§that are the dominant technology
barriers currently limiting the rapid growth of power conversion applications. To address some of these issues,
this paper briefly discusses the technology advancements neededfto improve the charagteristics of power
electronics systems, as well as the technologies being developed for<integration of multi-kilowatt power
electronic equipment. Among these technologies beingf developed are “the ‘planar metalization device
interconnect, that allows three-dimensional integration®f power devices, and the ‘integration of gower passives
to increase the power density, mainly for power supply applications.iThe technologies being developed span a
wide range of applications from distributed power systems to motor drives. The deveglopment of packaging
techniques, integration of current sensors, and the development of power semiconductor devices to either
improve performance or to facilitate integration of power electronics systems are'addressed hereafter.

This paper also discusses resultsbtained from, the various technologies being developed within the research
scope of the Centre for PowergEleetronics Systems (CPES), whose mission is to promote an integrated approach

to power electronics systems in the form of highly Integrated RowerElectronics Modules (IPEMs).

Il. MAIN CONSTITUENTS OF POWER MODUKE

e DCB for electrical isolation
e PRower Semiconductors
e “Bond\Wires provide internal links

e Phase change material

2.1 Dcb For Electrical Isglation

DCB (Direct Copper Bonded) sometimes also named as DBC (Direct Bonded Copper) technology denotes a
special process in which the copper foil and the Al203 or AIN (one or both sides) are directly bonded under
appropriate high temperature. The super-thin DCB substrate has excellent electrical isolation, high thermal
conductivity, fine solderability and high bonding strength. It can be etched like normal FR4 PCB, but has a high
current loading capability. Therefore DCB ceramic PCB has become the base materials of construction and
interconnection technology of high power semiconductor telectronic circuits and also have been the basis for the

"Chip On Board" (COB) technology which represent the packaging trend in the future.
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DCB substrate (direct copper bonding)

-
Fig2.1 Crossectional View Of IPEM Showing DCB Substrate

2.1.1 Characteristics Of Dcb Ceramic PCB —

e High mechanical strength, mechanically stable shapes.

and 1.27mm (only for AIN)

een trace and edge of board at each side for 0.1mm thickness copper;

0.4mm margin m copper thickness; 0.5mm margin for 0.3mm copper thickness;

e  Surface finishing: ~7um); or Aug plating (0.075~0.1um, 3-4 u”)

e No solder mask is bgtter (working tempature is -55~+850C, as most of ceramic board was working in high
temperature > 200C, no good oil is suitable for that temperature range)

o We will ship via single piece, as Al203 need to be cut by laser and not easy de-panel like normal FR4 PCB

e ore hole, more expensive. Min hole: 0.15mm, no Max. Hole diameter > 0.5mm will be better in price.

e Normally trace should be related much simple compared with FR4 board

Wide application temperature: -55C~850C. The thermal expansion coefficient is closed to that of silicon,

simplify the production technology of power module
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Fig.2.2 DCB Substrate with 400um Cu Wire Bonds On Cu Meialised IGBTS

> 198 #F  #A: Substrate: 96% AL203 (Alumina)
='F’ 0.25, 0.38, 0.50, 0.63mm(standard), 0.76, 1.0mm

H

A

Al #B:Copper thickness: 0.1~0,6mm, 0,3£0.015mm(standard)

#C:Surface finishing (two optional):
#F- 4B 1) Nickel plating
2) Gold plating: 0.075~0.1um, 0,075um(standard)

£0: Line Width (/W)

#E: Line Space (L/S)
4G F ' 1) For 0.1mm (30Z) copper, L/W >= 0.3mm;
o 2) For 0.2mm copper, UW & L/S >= 0.4mm;
L= =Llrff 3} For-0.3mm copper, L/W & L/S >=0.5mm;
c 48 #F: Margin hi:lween trace and edge of board, or hole ring
It should b %=0,5mm
HA #G: Hole (NPTH), Min’0,15mm

ramic PCB Design I;ule Picture

"commutation mode" (i.e., it is either on or off), and therefore has a

usually not be used in linear operation.

Some common power are- Power diode, thyristor, power MOSFET, and IGBT. The power diode and
power MOSFET operatefon similar principles to their low-power counterparts, but are able to carry a larger
amount of current and are typically able to support a larger reverse-bias voltage in the off-state. Structural
changes are often made in a power device in order to accommodate the higher current density, higher power
dissipation, and/or higher reverse breakdown voltage. The vast majority of the discrete (i.e., non-integrated)
power devices are built using a vertical structure, whereas small-signal devices employ a lateral structure. With
the vertical structure, the current rating of the device is proportional to its area, and the voltage blocking
capability is achieved in the height of the die. With this structure, one of the connections of the device is located

on the bottom of the semiconductor die.
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2.2.2 Chart
Power semiconductor devices
l I
2-terminal devices 3-terminal devices

| Phgode | | soomcee | | poecsrer
S
VT
Minority carrier devices Majority carrier devices Minority carrier devices

Fig.2.3 Classification Of Power Semi

2.3 Bond Wires Provide Internal Links
Wire bondingis the method of making i i IC) or
other semiconductor device and its packaging during Ss common,

e  Aluminum

o Copper

e  Silver

e Gold

The main classes of w

Ball banding

2.3.1Ball Bonding
Ball bonding is a type of wire bonding, and is the most common way to make the electrical interconnections
between a chip and the outside world as part of semiconductor device fabrication. Gold or copper wire can be
used, though gold is more common because its oxide is not as problematic in making a weld. If copper wire is
used, nitrogen must be used as a cover gas to prevent the copper oxides from forming during the wire bonding
process. Copper is also harder than gold, which makes damage to the surface of the chip more likely. However
copper is cheaper than gold and has superior electrical properties, and so remains a compelling choice. Almost
all modern ball bonding processes use a combination of heat, pressure, and ultrasonic energy to make a weld at
each end of the wire. The wire used can be as small as 15 um in diameter — such that several welds could fit
across the width of a human hair. A person upon first seeing a ball bonder will usually compare its operation to
that of a sewing machine. In fact there is a needle-like disposable tool called the capillary, through which the
wire is fed. A high-voltage electric charge is applied to the wire. This melts the wire at the tip of the capillary.
The tip of the wire forms into a ball because of the surface tension of the molten metal. The ball quickly
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solidifies, and the capillary is lowered to the surface of the chip, which is typically heated to at least 125°C. The
machine then pushes down on the capillary and applies ultrasonic energy with an attached transducer. The
combined heat, pressure, and ultrasonic energy create a weld between the copper or gold ball and the surface of
the chip - which is usually copper or aluminum. This is the so-called ball bond that gives the process its
name. (All-aluminum systems in semiconductor fabrication eliminate the "purple plague"”—a brittle gold-
aluminum intermetallic compound—sometimes associated with pure gold bonding wire. This property makes
aluminum ideal for ultrasonic bonding.) Next the wire is passed out through the capillary and the machine
moves over a few millimeters to the location that the chip needs to be wired up to (usually called theleadframe).
The machine again descends to the surface, this time without making a ball so that the wire is crushed between
the leadframe and the tip of the capillary. This time the surface is usually gold, palladium, or silver - but the
weld is made in the same way. The resulting weld is quite different in appearance from the ball bond, and is
referred to as the wedge bond, tail bond, or simply as the second bond. In the final step the machine pays out a
small length of wire and tears the wire from the surface using a set of clamps. This leaves a small tail of wire
hanging from the end of the capillary. The cycle then starts again with the high-voltage electric charge being

applied to this tail.

Fig2.4 Showing Ball Bonding Using Gold

3.2 Wedge Bonding

Wedge-wedge wire bonding is the oldest semiconductor assembly process dependent solely on acoustic energy.
There are a few exceptions where thermal energy (heat) is combined to further improve the welding action. The
dominant ultrasonic frequency has been for many years 60kHz. It is even lower on some applications where
larger diameter wire (>38um) is used. This was until the early 1990’s when Japanese researchers, following the
development and publications of Texas-based researchers, learned about the process improvements when higher
ultrasonic frequencies (>60kHz) are used to bond gold wire to aluminum bond pads. Their investigation
confirmed the improvements in weld reactivity (less open bond) and faster bond cycles. The major discovery
was the fact that welding begins as soon as the wire contacts the surface to be bonded, creating a new welding
pattern characterized by a series of parallel welding lines. The new welding pattern does not follow the
traditional low frequency pattern where the center of the bond is voidedand surrounded by a welded ring. It has
been published that during the welding process, lower ultrasonic frequencies begin utilizing some of the energy

on wire deformation,followed by the actual welding process therefore the voided center.
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Wedge Bond Aluminium Wire
Source
Connection

/AN

Gate Connection

Silicon Die

Copper Tab
(Drain Connection)

Fig.2.5 Showing Wedge Type Wire Bonding

2.3.2 Compliant Bonding

Compliant bonding is used to permanently connect fine gold wires to various critical components such as the

t this time, the most widely

used form is the silicon integrated i i therefore requires electrical

when the m
(LHS) units.

Fig 2.6 Internal Bonding Of Compliant Bonding Fig2.7 Showing Working Of PCM
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2.4.1 Characteristics And Classification Of PCM

PCMs latent heat storage can be achieved through solid—solid, solid—liquid, solid—gas and liquid—gas phase
change. However, the only phase change used for PCMs is the solid-liquid change. Liquid-gas phase changes
are not practical for use as thermal storage due to the large volumes or high pressures required to store the
materials when in their gas phase. Liquid—gas transitions do have a higher heat of transformation than solid—
liquid transitions. Solid—solid phase changes are typically very slow and have a rather low heat of
transformation. Initially, the solid-liquid PCMs behave like sensible heat storage (SHS) materials; their
temperature rises as they absorb heat. Unlike conventional SHS, however, when PCMs reach the temperature at
which they change phase (their melting temperature) they absorb large amounts of heat at an almost constant
temperature. The PCM continues to absorb heat without a significant rise in temp€rature until all the material is
transformed to the liquid phase. When the ambient temperature aroundga liquid ‘material falls, the PCM
solidifies, releasing its stored latent heat. A large number of PCMs argfavailable in any required temperature
range from —5 up to 190 °C.[1] Within the human comfort rangedbetween 20-30 °C, same PCMSs are very
effective. They store 5 to 14 times more heat per unit volume than conventionalstorage materials such as water,

masonry or rock.

I11. RESULT

Figure shows the simulated waveform of drain source voltage4With active IREM, the voltage overshoot is
reduced to 416V compared with 460V fendiscrete version. The turnoff loss is reduced from 48uJ to 25uJ by
using IPEM. Considering 200kHz opération of DC/DC converter, the turn-off 40ss is reduced by 8W with 4ohm
gate resistance. This translated into"about 1% efficiency increase ‘of the,front-end converter and 10% loss Figure
11 and Figure 12 shows the improvements of active)llPEM for different'gate resistance. With passive IPEM, all
the passive components€xcept output filter€apacitor are integrated’into one single package. This could greatly
reduce the volumegof \passive components They are shown in Figurel3,14,15. All three prototypes are
asymmetrical half bridge with current doubler, First prottype is based on discrete passive design. Second
prototype use integrated magnetic technology. Third prototype is built with passive and active IPEM. With
discretef passive components, ‘the tetal volume/of passive components is 343cm3. By applying integrated
magnetic'concept, it is reduced to 258em3. With passive IPEM, all the passive components except output filter

(V)1 He)

6000
vils_a1

capacitors aredntegrated. A volume of 87cm3 is achieved, which is five times improvement as shown in Table
A . o .
: | ‘ 1
.
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Fig 3.1 Simulation Waveform of (a) Discrete(b)IPEM
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Fig3.2 Active IPEM Turn-Off Loss Reduction Fig3.3 Voltage Overshiots Improvement By IPEM

Fig3.6 IPEM
Parameters Prototype 1  Prototype 2 Prototype 3

No. of passive components b 4 1
Volume of passive components (cm’) 173 151 82
No. of terminals 15 12 5

Volume of teminals {om’) 170 107 5
Total passive volume (cm’) 3 28 87
System Profil 4l 4l U
System Power Density 1 X2 X36

Fig 3.7 Table 3-1Comparison Of Above Three Prototypes
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Fig3.8 Test Efficiency Of Three Prototypes

IV. CONCLUSION

It has been proved as a very important tool for circuit designers. It is
»  Provides short communication path

It mnimises Stray Inductance.

Improves Switching Behaviour

Lmits transient overvoltages.

YV V VYV V

Provides better thermal resistance
» Compact in size
Above all above written properties. It

circuit which gontains the power electronics

equipments and minimises the sp

REFERENCES

[2]

(3]

[4]

[5] http://bonle.en.ali product/50348671/51680889/Switch/MCB___MCCB.html

[6] "Circuit Breaker Speed Explained”. Blue Sea Systems. Retrieved 2 April 2014.

[71 A few manufacturers now offer a single-bottle vacuum breaker rated up to 72.5 kV and even 145 kV.
See http://wwwa3.interscience.wiley.com/journal/113307491/abstract?CRETRY=1&SRETRY=0 Electrical
Engineering in Japan, vol 157 issue 4 pages 13-23

[8] Mokhoff, Nicolas (March 26, 2012). "Red Micro Wire encapsulates wire bonding in glass". EE Times (San
Francisco: UBM plc). ISSN 0192-1541. OCLC 56085045. Archivedfrom the original on March 20, 2014.
Retrieved March 20, 2014.

[9] "Product Change Notification - CYER-27BVXY633". microchip.com. August 29, 2013. Archived from the

original on March 20, 2014. Retrieved March 20, 2014.

172|Page



http://web.archive.org/web/20140320094900/http:/www.eetimes.com/document.asp?doc_id=1264436

International Journal of Electrical and Electronics Engineers ISSN- 2321-2055 (E)

http://www.arresearchpublication.com IJEEE, Vol. No.6, Issue No. 02, July-Dec., 2014

[10]Chauhan, Preeti; Choubey, Anupam; Zhong, ZhaoWei; Pecht, Michael (2014). Copper Wire
Bonding (PDF). New York: Springer. ISBN 978-1-4614-5760-2. OCLC 864498662.

[11] "Copper Bonding  Wire:  Electrical  Interconnect  Materials". coininginc.com.  March 20,
2014. Archived from the original on March 20, 2014. Retrieved March 20, 2014.

[12] "Gold Bonding Wire and Ribbon: Wire for Automatic Bonders". coininginc.com. March 20,
2014. Archived from the original on March 20, 2014. Retrieved March 20, 2014.

[13] "Aluminum Bonding Wire and Ribbon: Silicon Aluminum Wire, Aluminum Ribbon". coininginc.com.
March 20, 2014. Archived from the original on March 20, 2014. Retrieved March 20, 2014.

[14] Kenisarin, M; Mahkamov, K (2007). "Solar energy storage using phase change materials". Renewable and
Sustainable Energy Reviews 11 (9): 1913-1965.doi:10.1016/j.rser.2006.05.005

[15] Sharma, Atul; Tyagi, V.V.; Chen, C.R.; Buddhi, D. (2009). "Review onghermal energy storage with phase
change materials and applications”. Renewable and Sustaipdble Energy \Reviews 13 (2): 318-
345. doi:10.1016/j.rser.2007.10.005.

[16] "Heat storage systems" (PDF) by Mary Anne White, brings a listof advantages and disadvantages of
Paraffin heat storage. A more complete list can be found inAccessSciencewebsite from McGraw-Hill, DOI
10.1036/1097-8542.YB020415, last modified: Mar€h 25, 2002 based on 'Latent heat storagefin concrete 11,
Solar Energy Materials, Hawes DW, Banu D, Feldman D, 1990,21, pp.61-80.

[17] Pasupathy, A; Velraj, R; Seeniraj, R (2008). "Phase change material-based building architecture for thermal
management in residential and gommercial “establishments".Renewable, and Sustainable Energy
Reviews 12: 39-64.d0i:10.1016/j48er.2006.05.010.

[18] HyperPhysics, most from Yolng, Hugh Ds, University Physics, #th Edt, Addison Wesley, 1992. Table 15-
5. (most data should be at293)K (20 °C; 68 2F))

[19] Ice — Thermal Properties. Engineeringtodlbox.com. Retrieved of 2011-06-05.

[20] AAP (April 21, 2009). "Melburnians face 60pc water cost rise - MELBURNIANS face paying up to 60 per
cent more fof water and sewerage under preposals anpounced today by the state's economic regulator.”. The
Australjan. Retrieved2010-02-24.

[21] httpaliwww.alibaba.com/trade/search?fsb=y&IndexArea=product_en&Catld=&SearchText=sodium+sulfate

[22)KY. Kim, S. H. Lim, G. S. Park, M. H. Blamire, J. E. Evetts,

[23] Effects of theyShape Anisotropy on the Giant Magnetoresistance

[24] Properties. In IEEE Trans. o Magnetics, Vol. 37,No. 6, Nov. 2001.

[25]J. M. Anderson,"A.VaPohm, Ultra-Low Hysteresis and Self--Biasing in GMR Sandwich Sensor Elements.
In IEEE Transactions.on Magnetics, Vol. 37, No. 4, July 2001.

[26]A. F. Md. Nor, EMW. Hill, M. R. Parker, Geometry Effects on Low Frequency Noise in Giant
Magnetoresistance (GMR) Sensors. In IEEE Trans. on Magnetics, Vol. 34, No. 4, July 1998.

[27] 0. Akiyama, H. Konno, Integrated MR Sensors for Automobile. In IEEE Trans. on Magnetics, Vol. 30, No.
6, November 1994.

[28]R. N. Gupta, W. G. Min, T. P. Chow, H. R. Chang, C.Winterhalter,

[29] A Planarized High-Voltage Silicon Trench Sidewal Oxide-Merged PiN/Schottky (TSOX-MPS) Rectifier. In
Proc .

[30] 11th International Symp. Power Semiconductor Devices and ICs, pp. 117-120, 1999.

[31]R. N. Gupta, W. G. Min, T. P. Chow, A Novel Planarized Trench Sidewall Oxide-Merged PiN/Schottky

(TSOX-MPS) Rectifier. In Electron Device Letters, Vol. 20, pp. 1128-1135, 1999.
1/3|Page



http://www.accessscience.com/
http://hyperphysics.phy-astr.gsu.edu/hbase/tables/thrcn.html

