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Abgract : The dectrica performance ind uding breakdown woltage and turrroff gpeed of SOFL I@T isimproved by incorporating a
resdive fidd plae (RFP) and ap-MOSFET. The p-MOSFET is cortrolled by a sgnd detected from a point of the RFP. During the
turning-off of the 1T ,the prMOSFET is turned on which provides a channd for the excessve carriersto flow out o the drift re
gon and prevents the carriers from being inected into the drift regon. At the same time ,the dectric fidd dfected by the RFP
makes the excesdve carriers flow through a wider regon ,which anog diminates the second phase of the turningdf of the SOF
LI@T caused by the subdrate hias. Fager turrrdf gpeed is achieved by above two factors. During the on date of the I@BT ,the p
MOSFET is dof which leads to an onr gate performance like normal one. At lead ,the increase of the breakdown voltage for 25 %
and the decrease o the turnrdff time for 65 % can be achieved by this gructure as can be verified by the numericd smuation re

aults.
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1 Introduction

RPower device iswiddy used in different fidds. But
the ocontradictive relationship anong the orrgae power
disspation, breakdown woltage , and switching gpeed re-
drictsits use in nog stuations. For exanple ,it is dways
a problem that the long time taken to turn off an IBT can
not be reduced without efecting the other characterigics
sgnificantly. Some ol utions for exanple ,anode short ,mi-
rority-carrier-lifetime-control , etc , have been put forward
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to relve the problem of I@BT. The technique of anoder
dort isthe nog dfective one. It can reduce the turn-off
time by preventing the injection of the carriers and provic
ing a way for the excesdve carriers to disgppear nore
quickly. But there is dill a drawback thet the anode-short
dructure will decrease the dficiency of carrier injection
during on-gate , which causes the forward woltage drop
much lower. Hnding a new gructure that can inprove the
whole performance of |@BT will be grest valuable.
Different lutions for above problem are described
based on the dynamic oontrolled anode-dhort. Neverthe
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less ,anpbng these methods, ome are urfit for sugtaining
high woltage!™ , ©me need oconrplicated driving cir-
cits’?®! | and ©me can only be used in a gecid cir
ctits*. Sme new dructures yielding better performance
with the same driving circuits of a conventional |@T are
expected. That is the purpose of this paper.

2 Theoretical analysis

The nog inportant parts of the new dructure of 1G
BT proposed are the RFP and the p-MOSFET , whose
urce and drain are connected to the anode and bufer re-
gon of the I@T ,repectively. The p-MOSFET acts as a
dynamic anode-dhort dructure and is ocontrolled by the
sgnd detected from a point of the RFP,in other words,
controlled by the amode wvoltage indirectly Snce the RFPis
oonnected to the cathode and anode. A schemetic diagram
o the new gructure of SOFLI@T is down in FHg. 1,in
which K,Gand A are the eectrodes of cathode ,gate and
amnde of a convertiond LI@T. Gl is the gate used for
dynamic oontrolled anode-short. R_ is the load red gor of

Yoo
R,
A Gi]
-buffer, +n P*

/// e //,;

n-drift
e

g

Cro:nd

Fg.1 Shemdic diagram o the new dructure 1GBT
(shadow region gands for oxide or RFP

IBT. Conpared to a rormal |@BT ,an additiona p-MOS
FET isin this gructure. When the IBT isin the ondate ,
the difference of the dectrica potentia between the anode
and the cathode takes the minimum value ,which causes
minimum gete wltage of GL. Then the p-MOSFET will be
off ,and the anode-short gructure will stop working. The

onrgate power disspation of the I@BT maintains a very
gmall value. During the course of turning-off ,the potentia
difference between the armpde and the cathode increases
with the increase of anode woltage. When the anode wolt-
age reaches a critica vdue ,the p-MOSFET will be turned
on ,which prevents the injection of the carriers and makes
the excessve carriers of the base regon disgppear nore
quickly. Then afager turn-off geed is achieved.

It is necessary to point out that there are three phas
esin the turning-dff of a normal SOFLI@T ,and the sec-
ond phase caused by the subdrate bias is an additiona
part compared to a rorma IGBT®!. Inour new sructure,
the dectric fidd dfected by the RFP makes the excessve
carriers flow through a wider regon ,which anog dimi-
netes the seoond phase. Fader turnroff eed is achieved.

It is important to decide the point from which the
gate woltage of Gl is detected ,in other words ,the ratio of
the length of the RFP a the right of this point to that of
the totd ,snce either the on- or of-date of the p-MOS
FET is decided by it. A too large value of the ratio leads
to a higher wltage than the threshold wltage of the p-
MOSFET 4l the time ,which makes the p-MOSFET be a-
ways in itson-date. Then the anode-short sructure aways
works ,and the IBT has a higher forward voltage drop. On
the other hand ,too smdll a value of the ratio can ot turn
on the p-MOSFET during the turning-off of the 18T,
which leads to a turnrdff time jugt like the norma one.
S ,the cormpromise between the forward power disspation
and the turn-off time should be conddered.

3 Smulation analysis

TMA/ MBDICI' is used for smulation to verify the
validation of the theoretical andlyss in the part two. The
new gructure for smulation is shown in FHg. 1 ,which i
dicates the dimendona parameters. The other parameters
are gven in Table 1. Different values of L; are gven to
achieve the optimum result by conddering the tradeoff of
the turnron performance and the turn-off gpeed. The ror-
mal IBTisjud the same asthe new gructure without the
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RFP and the p-MOSFET ,and the parameters are the opti- 1.25F
mum ones for the norma I@T. Both of the new and the 100
normal structure are Smulated. T
3 0.75¢
Tabe1l Parameersfor Smuaion -
- L 050
Parameters Vaues Unit o
Qoncentration of -subsrate 10% cm”® ~ 025 1{5pm \
Qoncentration of - drift 10% cm”® AN
Qoncentration of n-buffer 10" cm 0 3 4 5
Qoncentration of n* and p * 102 cm” @ tis
Qoncentration of channdl region 10" cm @
Threshold woltage of p-MOSFET 6 \V; Fg.3 Turnrdf curves Slid line:new gructure; Dash
Thickness o the gete oxide 0.1 Um line:rormd |BT
Digance from the detected point to the right of
152,25 Hm
the RFP(Ly) (b) . According to Fig.4(a) ,the potentia difference is
Tota length of the RFP 30 Um
R 5 VO m larger than the threshold woltage of the p-MOSFET before
Voo 250 v the time of 7. 5ns ,which turns on the p-MOSFET ,® the
Gie wltage Ve 15 v I@BT works in anode- short mode ,and the anode current is
High injection lifetime 20 Us

The curves of the turn-on and turn-off corregponding
to different valuesdf L1 by dmulation are shown in FHgs.
2 and 3. From the figures,the concluson can be dravn
that larger L, leads to poorer turn-on performance but
fader turning-dff . The caze of L1 =21 mistaken asan ex-
anple to gve the explanation of the turn-on and turn-off
mechani am.

1.25
100
&
3 075} [L=152 25pm
¥
L 050
~ 025
0 L, i i
0 5 10 15 20
t/ns

FHg.2 Turnon curves Slid line:new gructure; Dash
line:rorma 1BT

The potentia difference between the gate GL and the anr
ode A ,the ource of the p-MOSFET ,versus time during
the turningon and turning-off is shown in Fg.4(a) and

grdler than that of a norma |@T. After that ,the woltage

added on Gl decreases,the p-MOSFET is ot in its orr

date any nore which makes the anode current rise to the

level as rormal. The degradation of the turrron perfor-

mance can be negected dnce the difference between the
o
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Fig.4 (a) Rotertid dfference between the gate GL and the arr
ode during the course of turningon; (b) Potertid difference be-
tween the gate GL and the arnode during the course of turningoff
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turning on of the new gructure and thet of the normd |G
BT isvery svdl (in FAg. 1 the curves o the normal case
and that of L, =1.% m anog overlap) .

After the turning on ,the I@BT reaches its o date.
Acoording to the reaults of smulation ,the vaues of the
forward voltage drop for the new gructure and the normal
I@BT are the same ,which are 1. 43V ,while the val ues of
the anode current both equd to 1. 2429A/M m. Thisis the
precondition for conparing the turrroff course of the two
dructuresof 1BT.

Figure 4 (b) shows the potentia difference between
the gate Gl and the armpode during the course of turning
off . During the period of 0 to 1. 31 s,the woltage added on
Gl is grdler than the thresold wltage of the p-MOS
FET. The excessve carriersd the drift region disgppear in
the norma way. The new dructure does ot dfect the
turning-off . But dter that ,the gate voltage of GL is higher
than the threshold woltage ,and goes on incread ng with the
time. The channd of the p-MOSFET is generated ,which
acts as an anode- dort dructure of the IBT. D from then
on ,the excessve carriers disgppear fager ,and the anode
current will decrease to zero soon. There is o nore a long
tal in the turn-off curve which maekes the turr-off time of
the device decrease dgnificantly.

Asit is wdl-kmown the introducing of an RFP can
improve the breakdown woltage of the LI@T. The break-
down woltage of 320V is achieved for the new dructure
while only 257V for the normal gructure.

4 Discussion and conclusion

If there is no didectric insulator between the |BT
and the p-MOSFET ,in other words ,the anode of the IBT
and the ource of the p-MOSFET are corregponding to the
same p “-region ,and the drain of the p-MOSFET lies in
the n-bufer regon ,the paradtic trandsor p* (anode) n
(n-bufer) p* (the additiond p "-regon) will work as a
recombination center ,which reduces the concentration of
the excesdve carriers of the n-bufer region ,then leads to
a higher forward woltage drop while it isin on-date. If the

albove drawback is accepted ,the new dructure can be
used in bulk Slioon device aswell asin SOl device ,and
fewer additiond requirementsfor the fabrication are need
ed.

The parameters for smulation are the optimum ones
for the norma I@BT as described in part 3 ,and it is nore
imperonal to show the advantage by conparing the new
dructure with an optimized rmormal 1@BT. A great inr
provement of the perfformance of the IBT was achieved
acoording to the results of smulation. Turrroff time de-
creases for about 65 % and breakdown voltage increase for
25 % ,while ornrgate performance is dnog the same as
the normdl .

In order to condder the peformance of the new
dructure once the parameters are changed ,two dtuations
are smulated : (1) Decrease the inpurity concentration of
the drift region and the injection eficiency ; (2) Increase
both of them. When the va ues of the concentration of the
drift region and the anode region are 2 x 10*cm™ *and 1

x 10®cm™ 3, the values of the breakdown \oltage are
212V and 299V for the normal 1BT and new dructure,
regectively ,increasng about 40 % ,and the values of the
turnrdff time are 0.4%s and 0. 1% s, decreasng about
66 %. When the values of the concentration of the drift re-
gion ,the anode region and the buffer region are 5 x 10,1

x 10” and 1 x 10"°cm’? ,the vaues of the breakdown
wltage are 70V and 430V ,increasng about 500 % ,and
the vaues o the turn-off time are 3 s and U s,decreas
ing about 96 %. Obvioudy ,the improvement o the perfor-
mance is nore sgnificantly dter varying the parameters,
while the peformance of the norma |@T degrades
much.
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