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~ Abstract—A new class of MOS-gated power semiconductor de- tance for high-voltage applications. The basic principle applied
vices Cool MOS (Cool MOS is a trademark of Infineon Technolo- to achieve the breakdown voltage is not through low doping
gies, Germany) has recently been introduced with a supreme con- concentration and thick epitaxial layer as it is for the power

ducting characteristic that overcomes the high on-state resistance : : ol s P
limitations of high-voltage power MOSFETS. From the applica- MOSFET, but through the insertion of vertical “p-strips” in the

tion point of view, a very frequently asked question immediately drift zone. The voltage blocking capability is thus established
arises: Does this device behave like a MOSFET or an insulated in both vertical and horizontal directions with a three-dimen-
gate bipolar transistor (IGBT)? The goal of this paper is to com- sional (3-D) structure [2]. This technique allows for a reduction
pare and contrast the major similarities and differences between i |ayer thickness while maintaining voltage blocking and an in-
this device and the traditional MOSFET and IGBT. In this paper, o556 in doping concentration to reduce the on resistance.

the new device is fully characterized for its: 1) conduction charac- . . S -
teristics; 2) switching voltage, current, and energy characteristics; Although this new 3-D MOSFET device maintains high

3) gate drive resistance effects; 4) output capacitance; and 5) re- blocking voltage with low on resistance, the question arises
verse-bias safe operating areas. Experimental results indicate that as to whether the added p-strip will alter the original charac-
the conduction characteristics of the new device are similar to the teristics of the traditional MOSFET. A series of tests are thus
MOSFET but with much smaller on-resistance for the same chip conducted to verify some important features.

and package size. The switching characteristics of the Cool MOS . I . .
are also similar to the MOSFET in that they have fast switching 1) Conduction Characteristies-With the added p-strip, the

speeds and do not have a current tail at turn-off. However, the ef- main question is whether or not a junction voltage drop
fect of the gate drive resistance on the turn-off voltage rate of rise is created at zero current or not. Other concerns exist re-
(dv/dt) is more like an IGBT. In other words, a very large gate garding the on resistance versus gate voltages and tem-

drive resistance is required to have a significant change odv /dt,
resulting in a large turn-off delay. Overall, the device was found to
behave more like a power MOSFET than like an IGBT.

perature. A positive temperature coefficient is desirable
if parallel operation is needed.
2) Switching-Volage, Current, and Energy Wave-
Index Terms—Cool MOS, high-voltage MOSFET, power forms—The expectation for a MOS-gated device is
MOSFET. that it should have a fast switching speed without a
current tail, so that it can replace the insulated gate
|. INTRODUCTION bipolar transistors (IGBTSs) for high-voltage applications.

. L The main concern is whether the special structure in this
I N HIGH-FREQUENCY POWET conversions, the swnghmg new device affects the switching behavior and whether
loss can be reduced or eliminated through soft-switching any differences from the characteristics of traditional
techniques [1], but the device voltage drop imposes an inherent  \»~ScrETs and IGBTS affect circuit utilization.
loss that is not reducible through circuit design. The Cool MOS 3) Gate Drive Resistance Effects—Gate drive resistance ef-
[2]—[4], currently considered a breakthrough device, was mainly

develoned q h | q h . fects are related to the gate capacitance characteristics.
eveloped to reduce the turn-on voltage drop or the on resis- 5 jisional MOSFET and IGBT devices exhibit different

characteristics in turn-off voltage rate-of-rise modulation

Paper IPCSD 01-021, presented at the 1999 Industry Applications Society ~ PY the gate drive resistance, or “active snubbing” [5]. Be-
Annual Meeting, Phoenix, AZ, October 3-7, and approved for publication in cause the p-strip cell apparently redefines the gate input
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Néf]tiosnall_s_f%ien?tehF\?Uf)dﬁtignlutndif AVVIafCi,tE'tEC-9Zj381tGZ7-U Cersity, Black device is typically a function of the output voltage. It
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Fig. 3. Test setup for switching characteristics.

Il. STRUCTURE OFMOS-GATED DEVICES
chip-size traditional MOSFET. Unlike the IGBT, this high

To understand how the Cool MOS emerges as a new class,gfage device does not have a junction voltage drop near the
power devices, itis essential to differentiate its internal StructWe o current condition.

from other MOS devices. Fig. 1 illustrates how the Cool MOS g 5 shows the measured conduction characteristics with
is evolved from a conventional diffused MOSFET (D-MOS)giterent gate-source voltageEes, at 25 °C. The horizontal
In a conventional D-MOS, shown in Fig. 1(a), the breakdowgyis variablev;,s represents the voltage across the drain and
voltage is obtained by reducing the doping concentration aggyce, and the vertical axis variable represents the drain
increasing the thickness of the epitaxial layer. This approach ., rent. The applie#zs starts from 8 V with a 2-V increment.
drastically increases the on resistance for high-voltage blockiftfere is a clear transition between operating regiongdarbe-
requirements. i _ tween 8-10 V. Whel;s exceeds 10V, the device basically ex-
Fig. 1(b) shows the structure of an IGBT which deviates frofgits 5 jinear resistive behavior within the 20-A device current
D-MOS by replacing the h substrate with ap substrate o range Forthe current beyond the 20-A range under noncontinu-
obtain high-voltage blocking capability while maintaining low, sy conducting condition, the voltage—current characteristics
on resistance. This approach, however, introduces an inhergiit pe discussed in Section VILI.
junction voltage drop during conduction. _ Using the slope of the conduction characteristics, the on-re-
The structure formed in a Cool MOS can be considered a3tsnce is found to be 172¢mat Vas = 15 V. The temper-
an extension of the’pbody in a D-MOS to a vertical p-strip atyre effect on the on resistance was measured with more fre-
in the epitaxial layer, shown in Fig. 1(c). With this p-strip, the,ent pulses to increase the case temperature. The measured re-
high-voltage blocking capability can be obtained in both VeEisiance was about 258¢mat 75 °C case temperature. This

tical and horizontal directions, while the junction voltage-drogsitive temperature coefficient will allow the paralleling of de-
can be avoided. Unlike the IGBT that has a p-n-p transistor dotjjzes in steady state.

inating the device characteristic, the Cool MOS preserves much

of original features of a conventional MOSFET. IV. SWITCHING CHARACTERISTICS

The turn-on and turn-off are the major concerns in the opera-
tion of a switching device. In high-power inverter applications,

The device under test is a 600-V 20-A-rated Cool MO8owever, the body diode can hinder the use of MOSFETSs be-
with 0.26 cn¥ chip area. The conduction characteristics wermgause of its slow recovery characteristic. Thus, the switching
scanned at different gate voltages and different device tempeharacteristic evaluation includes three tests: 1) diode reverse
atures using a Curve Tracer. As expected, the on resistaneeovery; 2) turn-on; and 3) turn-off. Fig. 3 shows the test setup
of the Cool MOS is significantly lower than that of the saméor these three tests.

I1l. CONDUCTION CHARACTERISTICS
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Fig. 5. Turn-on characteristic at 300 V, 20 A.

Fig. 4. \oltage and current waveforms of the device in the freewheeling path.
B. Turn-on Characteristic

TABLE | The diode peak reverse current can be considered as the
COMPARISON OFBODY DIODE CHARACTERISTICS peak turn-on current of the low-side devi&l Using an
external ultrafast-recovery diode as the freewheeling diode,
Device Ro | tw | -lon/ | En the peak turn-on current &1is much reduced. Fig. 5 shows
Q) | 8) | lroaa uJ) the measured turn-on voltage and current at a 300-V 20-A
(pu) condition. Similar to a conventional MOS turn-on device, the

Coaivios T a7 13550 37 370 Cool MOS turn-on process can be explained as follows.

100 1600 | 215 520 to Gate drive i_nput logic signal sends turn-or_l command.
The gate drive output voltage starts charging the gate-
source capacitance.

IRFP360 47 | 320 2.7 500

100 | 400 | 2.1 1000 t1  Gate-source voltage exceeds the threshold voltage,
IRFP460 | 47 | 400 [ 27 500 currentis starts rising, andp starts reducing
100 1450 [ 233 980 ta Currentigs exceeds the load currentp = 0. Cir-

cuit enters into diode reverse-recovering period, and
the gate drive voltage starts charging the Miller capaci-
tance, i.e., the capacitance between gate and Gigin

ta Diode is reverse blocking, currefy reaches the peak

In the test circuit shown in Fig. H1is the device under test because it is the sum df caq andIp—;..
(DUT), andD1 is an ultrafast-recovery diode for freewheeling. t+ ~ Currentequals the load current, voltage drops to zero.
When testing the reverse-recovery characteristic of the bodyFrom theRs = 100 © measurement results shown in Fig. 5,
diode, D1 is replaced with a Cool MOS with gate sourceseveral key turn-on parameters can be obtained. These parame-
shorted and becomes the DUT. Fig. 4 shows the measured btetg include the following:
diode currentp and the voltage across drain and sourgg . 1) the turn-on delay timé; ..., measured frond, to ¢, is
The reverse-recovery characteristic is somewhat affected by about 0.26us:
the switching speed of the Iovyer dgv@& With R = 100 @2 2) the turn-on rise time,., measured frony; to ¢, is about
for S1, the reverse-recovery timg, is 410 ns, the reverse-re- 0.15 s

covery energyE,, is 520 1J, and the peak reverse-recovery 3) the reverse-recovery tintg,, measured frons to #,, is
current/p_,. is 2.15 times the load curredt .q. For lower about 70 ns:

Re values,t; agd Eﬁr zred re(;i_uged, ?ﬁé_th?%*”éhow 4) the turn-on energg. ., obtained using the oscilloscopes

ratio is increase . The bo y diode exhibits “abrupt” recovery integration function, is about 0.65 mJ.

characteristic because the high impedance pegigglfound to

be 85 ns and is much smaller thap. It should be noted that the complete turn-on process actually
Under the same load condition and test setup, the méxtends beyond poirtf to where the gate source capacitance is

surement was conducted for two other similar current-ratdgfly charged to the gate drive supply voltage.

but lower voltage-rated conventional MOSFETs, IRFP360

and IRFP460. Table | compares the measurement resgltsd_)f-rum_oﬁ Characteristic

the reverse-recovery characteristic. Cool MOS shows slightly

longer t,,, samelp_,., but much lesst,,, as compared to Fig. 6 shows the turn-off characteristics of the DUT. This

those of conventional MOSFETS. figure indicates that this high-voltage device does not exhibit

A. Reverse Recovery Characteristic of Body Diode
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the turn-off current tail characteristic of IGBTs. The turn-off \
process can be explained as follows. \ 4 3 \
ts  Gate drive input logic signal sends turn-off command,
and the gate drive output voltage decreases. The gate-
source capacitance starts discharging. :
ts  Gate voltage drops below the threshold voltage, drain J
voltage starts rising. Current does not fall untjs " I — B
exceeds the dc-bus clamp voltage. vps: 5 Aldiv, £: 0.2 ps/div

tr Current starts falling, but the source inductance slows

down the drain current rate of fall and causes a gatI?i_g. 7. Turn-on and turn-off delay due to gate resistance. (a) Turn-on delay

source voltage ringing. and current rise effects. (b) Turn-off delay and voltage rise effects.
ts Current falls to zero and the gate-source voltage con-

tinues discharging.
nonlinear feedback capacitance causes a ringing at the gate-

From thefg = 47 §2 measurement result; shown in F|.g. 6s urce voltage during turn-off as can be seen in Fig. 6 where
several key turn-off parameters can be obtained. These mclt,gé)g gate voltage tends to oscillate framand up. Even with
the following: ] _atight circuit layout and a higiR¢ value (4752), the ringing
1) the turn-off delay time; s, measured from; to ts, IS cannot be completely damped.

about 0.42us; _ The nonlinear input characteristics lead to questions re-
2) %e turn-off fall timet s, measured front; to #s is about  gading the gate drive resistance effect on both turn-on and
ns;

. _ _ turn-off, especially the active snubbing for the turn-atf/dt

3) the turn-off energyoy, obtained using the oscilloscopesyaqulation. Fig. 7(a) shows the turn-on delay and current

integration function, is about 0.5 mJ. rise-time variations due to the change Bf;, where R is

It should be noted that; . is a function of the gate resistancevaried from 18 to 20@2. Similar to the traditional MOSFET
As R becomes larger,; .z becomes longer. and IGBT, the turn-on delay and current rise time are increased
with the R value. HigherR values tend to slow down the
turn-on speed and reduce the peak current caused by the diode
reverse recovery. However, it also increases the turn-on losses.

It is well known that for the IGBT and power MOSFET, the Fig. 7(b) shows the turn-off delay and voltage rise-time vari-
gate drive resistancB affects the turn-on delay and currenfations due to the change &%; which is varied from 18 to 200
rise time as well as the turn-off delay and voltage rise tim&. It is interesting to see that the turn-off delay is significantly
With the p-strip structure, the major change in the new deviedfected by theR; value, but that the voltage rate of rise is not
is that the gate-drain feedback capacitance is much smalleafiected unles®; is very large. Varying?; at 18, 47, 100, and
high drain voltages than it is for the traditional MOSFET. Thi200¢2, the turn-off delay time was found to be 180 400¢2,
occurs because the gate-drain capacitance is determined by72@s2, and 1450 ns, respectively. However, the turnebff dt
space-charge-region capacitance at high voltages and the spaeaeains constant, even with this wide variation in turn-off delay
charge-region capacitance is reduced by the p-strips. Becatise. This characteristic is quite different from traditional MOS-
the gate-drain capacitance is the series combination of the gakeT's but similar to IGBTs. The test results indicate that active
oxide capacitance and the drain-source space-charge-regiorsaabbing is not possible with limited variation &;. It was
pacitance [2], the feedback capacitance is even more nonlinsaggested in [5] that adding a gate-to-drain feedback capacitor
than for the traditional power MOSFET and IGBT devices. Thiwith a series feedback resistor would allel/d¢ modulation

V. GATE DRIVE RESISTANCEEFFECTS
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TABLE I I,
SWITCHING LOSS ANDDELAY AS A FUNCTION OF GATE RESISTANCE i
S1
Device Rg Ean Td.(,,, Eoﬂ Td.{,ﬁ” I_' c

@ | @) | @s) | (mD) | @s) ol o

Cool 18 [ 0375 100 | 0.48 180 M C

“00 375 . Vdc__ ) b
MOS 47 0.5 120 0.5 400 T S2 l L

20A [100 [ 0.65 | 230 | 06 | 720 = C,
o L

200 1.2 510 0.7 1,450 [

IRFP 18 04 65 04 230
360P 47 | 0.56 120 0.7 560
20A 100 | 0.85 | 240 | 1.45 | 1,100

Fig. 8. Test circuit with varying load inductance.

200 | 15 | 460 | 2.2 2,200 25 k .
IRFP | 18 | 045 | 60 | 045 | 270 S 2 Liopepckt P =F,+F
460P | 47 | 064 | 120 | 094 | 550 = ' l
=
100 | 1.0 | 230 | 1.6 | 1.200 & 15 —— SPP20N60S5
20A % 404 uH IRF840
200 [ 1.5 | 400 | 24 2500 < 10 .
%‘ 14 uH 70 uH
5l: 120 uH i
[-¥ '\\ HE / .
for IGBTs. For the new Cool MOS device, this active snubbing 0 A e <
requirement is similar to that of the IGBT. 0 0.5 1 1.5 2 25 3

Table Il compares the measurement results of switching loss
and switching energy for Cool MOS, IRFP360, and IRFP460.
Overall, the switching losses among these three devices are Bityad. Switching loss due to the effect of load current and output capacitance.
similar level, and are a function of gate resistance. In practical

applications, arf; larger than 1002 may notbe used in high- ¢ 7, s 7ero or very small, then these capacitances will be

frequency switching. They are tested mainly just to show the 5rged and discharged by turn-on of the opposite switch, rather

effects of K variation. than by the inductor current. In this case, the switching loss will
It should be noted that the turn-off energy of Cool MOS only, high. If I, is sufficiently high to charge’,; to the dc-bus

varies slightly with a wide range of gate resistance, while t%ltage, and to discharg@,, to zero, then the load current will

other two conventional MOSFETSs show a significant turn-offa giverted to the body diode 82 andS2can then be turned
energy variation with respect to the gate resistance variationg, a4t zero voltage, resulting in the minimum switching loss con-

dition.
VI. OUTPUT CAPACITANGE With a high initial output capacitance, the Qool MOS requires
a higher currenf, to naturally turn off the switch as compared

In a conventional MOSFET, the output capacitance variés the conventional MOSFETSs. The test condition is to have a
with the drain-source voltage, and the range of variation is afixed dc-bus voltagel,. = 300 V, and a switching frequency
proximately one order of magnitude. In a Cool MOS, howevenf 200 kHz. The load inductance values used for these tests start
the output capacitance exhibits a wide variation with respefiedbm open circuit, and then are reduced from 404 tq:FDso
to the drain-source voltage. For the sample 600-V device, ttieat the load current increases from 0 to 2.68 A at the lowest
output capacitance decreases from 7000 to 60 pF, two orderénofuctance. The input dc power was obtainedtly = Vyc{qc.
magnitude reduction, when the drain-source voltage increa3dss power contains both the device switching loss and resistive
from 0 to 300 V. This high initial capacitance along with widdosses, i.e ). = P, +P;, whereP,,, is the switching loss, and
range variation can have a significant impact on switching lo$%, includes all resistive losses in the load inductor and switch
in different applications. on resistance.

Consider a half-bridge circuit with an inductive loddand Fig. 9 shows the experimental results. When the load circuit
a blocking capacito€’,, as shown in Fig. 8. The devices werds open,L = oo andi; = 0, the total lossF,. containing only
mounted on a small heat sink with forced-air cooling. A 250-rthe switching los$,, is measured at 20 and 5 W, respectively,
dead time is provided to avoid shoot through. When the uppger the sampled Cool MOS (SPP20N60S5) and the conventional
switch S1is on, the load currenk;, increases linearly, but the MOSFET (IRF840). The IRF840 is compared because it has a
increasing rate is inversely proportional to the load inductanc@milar die size. With Cool MOS, the case temperature increases
L. WhenSlis turned off, its output capacitan€g; needs to be to 50 °C without the inductor connected. After the inductor is
charged to the dc-bus voltage, afigh needs to be dischargedconnected, the load curref is established, and the switching
from full voltage to zero. The energy that charges and dis- lossP.,, is reduced. At 1.6 AP.,, drops to a minimum, and the
charge<”,, comes from/y,. loss contains only’;,. P, then becomes proportional .

Current, 1 (A)
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60 though this represents a substantial avalanche energy capability,
&n it falls far short of today’s energy-rated power MOSFET.
For unclamped inductive switching, the full inductor energy
40 clampad RES0A is transferred to the device, resulting in rapid heating of the sil-
ag icon chip voltage-blocking region. In our RBSOA test condi-

tion, the energy for a 15-A current and the 408-inductor is

E = 0.5 x L x I? = 0.045 J. Assuming that the chip area

heating is uniform, the temperature rise during the RBSOA test
* :unciamped ABSOA i can be calculated a&/(C - A - W) = 23 °C, where the
chip area4 is 0.25 cni, the voltage blocking junction depth
(punch-through thicknes$y is 50,:m, and the silicon heat ca-
Drain-source voltage (V) pacity isC = 0.002 JPC. However, the intrinsic temperature
where the device fails for a drift region dopant density ot 2
10** cm—2is 225°C. This temperature difference indicates that
the Cool MOS energy withstand capability is far below its in-
It can be seen from Fig. 9 that for the IRF84Q, at 0.5 A is  trinsic capability.
sufficient to reduceP’,, to zero, and for the SPP20N60S5,  The reduced avalanche energy capability is possibly caused
needs to be increased to 1.6 A to elimin&te . by nonuniform heating of the silicon chip voltage-blocking
region due to internal parasitic bipolar current constriction
mechanisms. Today, high-energy-rated power MOSFETs have
eliminated this bipolar current constriction mechanism and

In most hard-switching applications, the device needs €n withstand avalanche energies that uniformly heat the
turn off high currents under inductive load conditions. If thgoltage-blocking region to the intrinsic temperature before
voltage is clamped, most MOS-gated devices, including tf@lure. However, early generations of power MOSFETSs had
IGBT, can withstand high turn-off currents with clamp voltagesubstantially reduced avalanche capabilities. Presently avail-
near the device-rated voltage. However, for the unclampablle IGBTs also have limited avalanche energy capability, but
inductive switching (UIS) condition, the voltage spike caif has been shown that better designs have improved avalanche
easily cause avalanche failure, and differences exist betw&®ergy capability to near the uniform heating limit [7]. At the
device types. For example, power MOSFETs can withstapgesent time, it is not clear whether the avalanche energy of
UIS conditions with the only restriction being in the amourhe Cool MOS can also be increased, or whether there is a
of energy and, thus, avalanche time the device can withstdb@damental current constriction mechanism that cannot be
before failure. Power MOSFETSs are typically rated for theiliminated, just like the case with bipolar power transistors.

UIS Energy capability. However, typical IGBTs do not have
UIS Energy capability and fail a short time after the device
begins to avalanche.

The clamped and unclamped switching failure for the new A new class of low-on-resistance MOS-gated power devices
Cool MOS device type must be investigated. In this study, thes been characterized for both conduction and switching con-
clamped and unclamped inductive switching failure is studiatitions. Its gate input characteristics and safe operating areas are
using an automated nondestructive RBSOA tester developeddiso investigated for utilization concerns.

National Institute of Standards and Technology (NIST) [6]. The Experimental results indicate that the device conduction char-
tester detects the failure event and removes the current framteristics are similar to those of the power MOSFET but with
the device within 30 ns, thus preventing the device from beigmuch lower on-resistance. Furthermore, unlike the IGBT, this
destroyed. This enables the same device to be tested for multipésv device does not exhibit junction voltage drop. For high-
failure conditions and prevents damage to the test circuit ap@awer applications where paralleling is needed, the Cool MOS
result of the device failures. is found to be suitable because it has a positive temperature co-

Fig. 10 shows both the clamped and unclamped RBSGHficient.
test results for a 20-A/600-V-rated Cool MOS device. For the The switching characteristics of the new device are also sim-
clamped condition, the device can safely turn-off for currentsr to the MOSFET with fast switching speed and no tail cur-
up to 60 A and clamp voltage up to 700 V. The test conditionent. However, for active snubbing using the gate drive resis-
are limited to 60 A because the device current saturates attéfce, the new device behaves like an IGBT, that isfit&lt
A due to an internal JFET effect for gate voltage above 14 W nearly constant for a wide range of gate drive resistance. The
Thus, the Cool MOS hasstjuareRBSOA, that is, it can switch turn-off delay is proportional to the value of the gate drive re-
safely for the full current and voltage range of the devices. sistance. However, the slope of the turn-off voltage rise varies

For the unclamped inductive switching case, the device safelgly slightly when the gate drive resistance is increased to a very
sustains the avalanche condition with a breakdown voltagelafge value.
765V (127% of the rated voltage) for currents up to 15 A (75% The Cool MOS exhibits excellent clamped RBSOA. Test re-
of the rated current). Above this current level, the device faiailts indicates that the device can sustain 300% of its rated cur-
and is destroyed for the unclamped inductive condition. Afent at a voltage 17% higher than its rated voltage, indicating

20

Dirain currani {A)

L) 401 500 EOT o0 B

Fig. 10. Clamped and unclamped RBSOA test results at@5

VIl. SAFE OPERATING AREAS

VIII. DI1ScussSIONS ANDCONCLUSIONS
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that the device has a square RBSOA and very high pulse ¢
rent switching capability.

For unclamped inductive switching, the sample device st
tained an avalanche voltage 27% higher than its rated voltage
about 75% of its rated current. With a simple calculation of el
ergy in unclamped RBSOA test, it was found that the Cool MO
energy withstand capability is far below its intrinsic capabilit I :

Such a low energy capability is possibly caused by nonunifo 232?;gncq’ggfl:ct’hséugr{i\?g;f;c‘é;r}égﬁg’szgetﬁvcﬁgg
heating of the silicon chip in the voltage-blocking region wheng taught control systems and energy conversion courses. In 1989, he joined
aninternal parasitic bipo'ar current constriction mechanisms éi}e Electric Power Research Institute (EPRI) Power Electronics Applications

. . ter (PEAC), where he managed EPRI-sponsored power electronics research
ists. It remains to be seen whether the avalanche energy of Jects. In 1993, he joined the Oak Ridge National Laboratory as the Power

Cool MOS can be improved with better design or manufacturirigectronics Lead Scientist, where he initiated a high-power electronics pro-

just like the case with IGBTS, or whether there is a fundamengipm and developed several novel high-power converters, including multilevel
verters and auxiliary resonant-snubber-based soft-switching inverters. Since

c_urrent constn(.:tlon. mechanism that ?annOt be eliminated J";%E)ust 1996, he has been with the Virginia Polytechnic Institute and State Uni-
like the case with bipolar power transistors. versity, Blacksburg, as an Associate Professor. His main research areas are high-

Overall, the device was found to behave more like a powe@wer electronics converter topologies, motor drives, and utility power elec-
. S ronics interface and application issues. He has authored more than 105 pub-
MOSFET than an IGBT. The major Slmllamy tothe IGBT Wasitﬁshed technical papers and two books. He is the holder of eight U.S. patents in

in the active snubbing circuit utilization, where an external Caée area of high-power electronics and their applications.
pacitance is required to reduce turn-@ff/d+ in addition to the ~ Dr. Lai is the Chair of the IEEE Power Electronics Society Standards Com-
. mittee. He chaired a Technical Committee for the 2001 DOE Future Energy

gate resistance. Challenge and IEEE COMPEL-2000 Workshop. His work has brought him sev-
eral distinctive awards, including a Technical Achievement Award at Lockheed
Martin Award Night, two IEEE Industry Applications Society Conference Paper
Awards from the Industrial Power Converter Committee, one IEEE IECON Best
Paper Award, and an Advanced Technology Award from Inventors Clubs of
America. He is also a member of Phi Kappa Phi and Eta Kappa Nu.
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