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Abstrace—Llazzification, eszental properties, important
applicationz and developement of power zemiconductor devices

will be explained. Some common power zemiconduoctor devices,
power metal oxide semiconductor field-effect tranziztor

(MOSFET), thynstor and some new power device: will be
dezcribed and dizcuzzed.

Index Terms—Power Semiconductor Devices, Thyristor, Power
AMOSFET.

I INTRODUCTION

ower semiconductor device has plaved an eszential role m
the development of power eleciromics as its key system

topologies [1]. Compared to normal electronic dew:es,
power semmconductor devices require large voltages i the off

state and high current capability in the on state, which demand
geometry differences from the low-power devices.

II. COMMONPOWERDEVICES

Power semiconductor can be divided mmfc two main
categones based on terminal numbers: two-termunal devices
and three-terminal devices [2]. A second classification can be
based on the device performance: majority camer devices
(Schottky diode, MOSFET) and munmomty camer devices
([ Thymstor, bipolar transistor, IGBT), shown m Fig. 1. T wall
discuss the properties of several common power semiconductor
devices n detail
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Fiz. 1. The power devices family, showing the principal power switches
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A Power MOSFET

Power MOSFET haz much higher current handling
capability in ampere range and dram to source blocking voltage
(30-100V) compared to other MOSFET. Large currents can be
obtained with a large channel wadth, so power MOSFETs are
fabnicated with a repefitive pattern of small cells operating in
parallel (Fig.2) [3].

Fig 1 Repetitive pattemn of the cells structare in pewar MOSFET

The mput mpedance of power MOSFET 15 extremely large,
50 grven a very small control currents, relatively larpe currents
can be switched between on and off states [4]. Thus, resistance
13 an important parameter for a power MOSFET, which can be
wIitten as

R =R +R +R_, (13
where Bz, Fp are the resistance associated with the source
contact and the drain contact respectivelv, and By 15 the
channel resistance. In linear region of operation, By can be
wIitten as
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From the equation above, we can find if the cumrent in any
particular cell beging to merease, the resulting temperature nize
will mcrease the on-resistance, thus limiting the current. The
“on-resistance” charactenistic as a fimchion of drain current 12

R =

(2]



shown m Fig_ 3, which provides stability for the power
MOSFET.

Fiz. 3. Typical drain-ip-source resiztance versu: drain
current characteristics of a MOSFET.

B. Thyrisior

Thynstor 15 a general class of a four-layer pnpn
device, which exhibits bistable regenerative
switching characteristics [3]. The stmucture of thynstor, which
has three pn junctions, can be modeled as coupled npn and pop
bipolar tranzistor (Fiz 4).
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Fiz.4 (2) Tha basic four-laver pnpn strocture. (&) Twao
mwo-transistor equivalent circuit of the four- laver popn
device.

50 the anode current Iy can be written as

Tegp+ 1o

By , 3)

1— (o +a,)

where I~yand L~y are the reverse B-C junction saturafion
currents of the pnp and npn transistors, and o, ci;are the
common base currents gam i the two devices.

The current veltage charactenstic of the pnpn device 1z
shown m Fig 5 There are three states: forward conducting,

reverse blocking and forward blocking. For a amall value of Va,
the collector current in each device 15 the reverse saturation

current. If WV 1z large enough to cause J: junchon to breakdown,
I4 will mncreaze rapadly and have a regenerative positive
feedback As I, ncreazes, two equivalent bipolar transistors are
driven mto saturation and the junction J, becomes forward
biazed. The total voltape decreazes and the voltage drop across

may increase slightly if the current keeps increasing.

Fig 5 The current-voltaze characteristics of the prpn device.

Thymstor 15 a device that will remain in a blockang state until
switched to the low-impedance state by a control signal, which
then does not neceszanly have fo remain on, which can be used
az a efficient swiich for a large currents at low frequencies.

II. APPLICATIONS

Power semmconductor devices have widespread applications
in three major consumer markets: automotive, entertainment
and apphiance [4], e.g. igh-voltage power transistors phasze
mnte televizion or alternator regulaters switch to large area
mntegrated circwitry. Automotive mdustry 13 one of the most
important applications of power semiconductor devices (Table
I

Nowadays, automotive industry requires the diagnostic
capability and switch-mode regulation [5]. Intelligence
elecironics, fulfilling the requirement of both high current and
low resiztance, are important. The multidie appreach offers
flexibality and gives cost-effective power switching for hngher
current switches. TLP410 1z an example shown in Fig 6. It 13

desipned specifically for automotive high-sided switching up to
6A -Df]EllIl[:l solenoid, relay and motor loads. It features high

current gain and low lmkage charactenstics. A temperature
sense diode 13 built into the power transistor.



Fiz 6 TLP 410 multidie headlamp driver.

Table. 1. Power Devices n automotive systems.
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lgmation coil switchor  Power Cransistor
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IV. FUTURE DEVELOFPMENTS

For future power conversion applications, new structures or
semiconductor matenals can be inveshgated for prospective
power semiconductor devices.

A. Structure Improvement

Inzulated gate bipolar tranzistor(IGBT), static mducton
tranzistor (SIT) and MOS-controlled thynstor (MCT) [1] are
three new structure of power devices. IGBT 13 most common
used power electronic devices nowadays, whose structure 13
shown m Fig 7.
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Fiz. 7. Basic Structure of IGET

An IGBT is basically a hybrid MOS-gated tum on/off
bipolar transistor that combines the attributes of a MOSFET,
BJT, and thynstor . A 5IT 1z a lngh-power high-frequency
device and is eszentially the solid-state version of a tmode
vacuum tube. An MCT 15 a thynstor hike
ngger-into-conduction device that can be turned on or off by a
short pulze on the MOS gate. It 13 a ngh-power high-frequency
low conducticn drop switching device.

B Mmterials Improvement

In previous dizcussion, | mamly focuzed on the prospects of
silicon based power semicenductors. However the silicon
based power switching devices are reaching fimdamental limits
impozed by the low breakdown field of the matenial. Silicon
carbide, with a higher field charactenistic, 15 a promusing choice
for high power, high temperature and high frequency
applications [§] due to the reazons below:

1) 51C has a high electnc breakdown property, which wall
support a very voltage across a thin layer.

2) 51C has a high camer dnift veloctty, which 1z eszenhal for
high frequency operafion particularly for mmornty carmer
driven bipolar devices.

3) S51C has a mgh thermal conductivity realizing high
temperature operation and better thermal management of power
contrel apphcations.

4) The native oxide of Sic bemg 5102, the same oxide as silicon,
the whole family of MOS gated power devices used in sihicon,
L.e. the power MOSFET and the IGBT, can all be fabricated in
S1C.

Due to the superior matenal properties, SiC power devices
can give a much better performance than silicon power devices,
e.g.. the on-resistance of 51C can be 700 times lower than
similar silicon devices.

V. CONCLUSION

From the discussion above, we can find that development of
power semiconducter devices 1s very essential for modem
electronics devices. The new power devices bazed on new
structure, e g, IGBT, have been widely used. Some new

material, 51C, 1z a promising candidate and commercially
realistic.
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