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3. Power control technology



Conversion Technology Power Semiconductor Technology

* Circuit theory Power devices
Conversion efficiency Power ICs
Switching matrices Power Drive circuits
Signal processing Electronics Protection circuits
EMI and filter circuit Heat sinks
Magnetic components
Rotating machines

=
: Power Control Technology :
t * IC control packages t
| * Microelectronic circuits |
| * Microprocessor circuits :
: * Digital and analog electronic circuits :
|+ Control theory: transient and stability issues |
'l » Digital and information signal processing 1
:  Simulation :



3. High reliability 4. Small size

5. Light weight 6. Low cost
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2. Control Circuit
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Electrical
inputs
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Forward
“Power” circuit

Load 2
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Feedback
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1. Power circuit ( power up to 100 GW)
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S T —
Electrical 2 Electrical or

X Forward

inputs R mechanical outputs
5 P 5i : “Power” circuit : = 7 P
sources . : loads
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Feedback -
“Control” circuit

2. Control circuit ( power up to 100 mW )
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Mostly ac line Mostly Could generate
voltage (single- or  unregulated dc undesirable
three-phase) voltage waveforms

Form of electrical
Post-stage Output or mechanical
energy

Power processing

Pre-stage stage

Input

A J

Filtering & Power electronic .| Filtering & Electrical
Form of rectification circuit " rectification Mechanical

electrical o
energy

Load

Y

h 4

il Electrical variable
4 feedback
Switch Control
drives circuit
' b Mechanical variable |
“ o feedback i

o

Interface between  Process feedback
control and power signals and
circuits decide on control
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— W, x0 gl & == B = -

= 0 Watt
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TonPsw,on + Toff Psw.off Vsw,off

Ton + Toff
Ton X0+ Ty %0
Ton + Toft

0 Watt
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Data Center Uninterrupted Power

Supply (UPS)
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transformer, input contactor and
on-board auxiliary power supply

has been developed by ABB in

response to the demand from

the pulp and paper industry.
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ICE-T electric multiple-unit train set.
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Manitoba Hydro operates and maintains a large HVDC system comprised of two HVDC bipoles which
have a transmission capacity of 3800 MW and an operating voltage of +/-500kV. The HVDC system

has been in commercial operation for over twenty five years and has successfully been operated
and maintained with high reliability. Manitoba Hydro has gained significant experience in the
engineering and operation and maintenance of bulk power HVDC transmission systems and has
provided expert consulting service to clients world wide.
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5. Ability to withstand high V&I

6. High current density
7. High temp. Capabillity

8. Bi-directionnal
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1. Device voltage

S to 10 time higher

2. Current densities 10 to 100 time higher
3. Switching losses 1/10 to 1/100 time
4. Working temperature up to 500 83971 C

24
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+ Wizt MASA gov

NATIONAL AERONAUTICS +NASA, Glenn Home -
AHD EFA.[:E ADM'N'STHAT'DN + Instrumentation and Contrals Divizion Home

+ Sensars and Electronics Branch Home

Y&  “Silicon Carbide/Electronics -

o e

The MASA Glenn Sensors and Electronics Branch is developing
gilicon carbide (SiC) as a material for advanced semiconductor
electronic device applications. SiC-bazed electronics and s=ensors can
operate in hostile environment= (G000 C = 1112 F GLOWING RED HOTD
where conventional zilicon-based electronics (limited to 350 C) cannat
function. Silicon carkide's ahility to function in high tempersture, high
povver, and high radistion conditions will ensble large performance
enhancments to & wide variety of systems and applications.
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The circular heating element and 5 x 5 mm square SiC chip are both glowing
red-hot.The diode being tested electrolumenesces blue light when forward biased.

S1C devices have repeatedly demonstrated proper operation at temperatures

as high as 650 C. Silicon-based semiconductor electronics cannot function at

these temperatures.
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€ aircrait, automouve, communications, power,

and spacecraft industries. The tremendous

advantages of SiC electronics in these applications are slowly becoming a reality. SiC's
immature crystal growth and device fabrication technologies are being developed, but they
are not yet sufficiently developed to the degree required for reliable system incorporation.
Developing and maturing SiC technology to the point that it is ready for widespread system

insertion is the focus of increasingly intense research efforts at laboratories around the world
27



Latest Research

HOME = Latest Research =Top Ferformance of SiC Fower Transistor Designed for Inverters

» Top Performance of SiC Power Transistor Designed for Inverters
( Translation of the AIST press released on March 28, 200%5)

Key Points

« Silicon carbide static induction transistor (S1C-5IT) of supreme performance in the world characterized
by ultra-low power loss as a 600 V~1.2 kY class switching device of breakdown voltage Vg, 700 Y and

specific on- resistance R o 1.01 mocm? has been successfully developed through the innovative

revision of structural design and fabncation process. In comparnson to the conventional silicon insulated
gate bipolar transistor (SI-1GET) for inverter circult, the power 10ss 15 extensively reduced to 1712

o The newly developed S1C-SIT will be used for a broad spectrum of applications ranging from small
capacity inverters in household electric appliances (e.g. induction heating (IH) cooking heater, air-
conditioner, eco-friendly hot water supply) and uninterruptible power source (LIFS) medium capacity
Inverters in electric wvehicles (hybrid car, battery- driven car, fuel cell- driven car, and so on) to large
capacity inverters for the control of large motor in the industrial area, as well as distributed power source
system and photovoltaic power generation. The use of SIC-SIT in these areas is expected to improve the
powier utilization efficiency by 2 1o 3 %.
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4. 'In3a1m05 (thyristor)

d
5. ginInignWan(HYBRID)

6. Intellicent Power Modules (IPM)
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I

60 V/1000 A \‘

(Semikron) I
| 1 !

6500 V7600 A 15000 v/1500 A

VV] (Bupee)  (Mitsubishi) 7500 V/1650 A
(Eupec)
6500 V/2650 A
IO == = ey : (ABB)
. : 5500 V/2300 A
i ABB
AL IGBT (market) | ( )
o GTO 6000 V/6000 A GTO
A Bt g g e o s T (Mitsubishi)
IGCT (market) 6000 V/6000 A IGCT
3300 + i (Mitsubishi IGCT
: 1
2500 + 3300 V/1200 A : announced)
Module (Eupec) ! : 4800 V/5000 A
1700 2500 V/1800 A Py i\ (Westeude)
Press-Pack (Fuji) A 4500 V/4000 A
3 | (Mitsubishi)
L6 ek b 1700 V/2400 A L
\ - Module (E I
/\ \‘ odule (Eupec) i |
i
1000 W00 X \~ Power MOSFET o
(SanRex) AN L
- 1
\\ 200 V/500 A : :
: Semik -
oo \/ (Semikron) i :
\ b
* : I
10?4 \ ¥
]
1
il
L

10% 200 500 10°

2400 4000 6000 10 1[A
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Voltage

Thyristors |

RS Current

| ' / 1 kHz
= / / 10 kHz
1 o St beard. i At oon Al 4 _/
[MOSFET[ 100 kHz

o ' ' 1 MHz
# 500 A 1000 A 1500 A 2000 A 3000 A
Frequency

1 kv
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Power Capacity (VA) -

Current Product Range
------ Future Devel. Plan
HV.DC
] e a
10M £ :
1
1
- E Motor control
-
100K f Thyristor Robot, Welding machine
Welder ™
10K é ) IGBTMOD =
Iron mill, Transistor ~ |Modules _—]
Powersopply Modules | —"
for chemical r Switching
pf use Power suppl
i / pply
— / — Refrigerator pply for audi
Al | TrRiaC —— =i Aeik
100 = AN | osete ™\ 2z
Washing d
MAachine a;r conditioner ——12L~ Microwave oven _ o
1065 T, T % T L
10 100 1K 10K 100K 1M

Operation frequency (Hz)

38
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(dc to dc converter)

1.3.4 21asudasiumadlnvhnszuaansaudlulnthnszuaaay

(dc to ac converter )
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( controlled rectifier circuit)
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( three phase inverter)
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THD, = 1=t
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THD, = VeV
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ANEWIS 391330 HA (harmonic distotion)(?e)

maaivthuasialssneunias (power ; P and power facter ; pf)
mmaalviiuets P ennsedamninfieumsne Ui

P = —Ip(t)dt = —IV ()1, (t)dt
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ANEWIS 391330 HA (harmonic distotion)(?e)

maalvithuesilssneuias (power ; P and power facter ; pf )(%e)
A @ W ? QU 1
wemmaslhnlsing S  emnsednnannlansaumsns Uil

S = V.,
aaiuidseneumalsnansamuIani Innal 1
of P V.l ,Ccosg, |, ,COS9,
S V. I |
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dmsu CoS¢, Aemwevinlssneumdainaewiil (displacement
Power factor ; dpf) AU Y

dpf = COS @,
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