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Abstract

Silicon on Insulator technology is promising for
high voltage power IC applications. The required SOI
layer thickness can be reduced if a large portion of the
applicd voltage is sustained by the bottom insulator
layer. Combination of SOI and trenches or LOCOS has
merits of simplified device isolation and high device
packing deansity. Thin SOI layer will reahze high-
speed switching in high voltage devices because of
the smaller amount of stored carriers. Substrate bias
influences on device characteristics and potentials of
SOI technology are discussed.

1. Introduction

Silicon on Insulator techanology has been of con-
siderable interest for power IC applications since it
was numerically predicted[1] that high brcakdown
voltage devices above 500V can be realized on rela-
tively thin SOI of less than 20um. A high device pack-
ing density and low cost dielectric isolation can be
rcalized by a combination of trenches and SOI.

The basic concept is that the required silicon layer
thickness can be reduced if a portion of the applied
voltage is sustained by the bottom insulator layer.
This approach has not been adopted because of the
belicf  that the substrate bias will greatly influence
the high voltage device charactenstics.

There are three basic problems to overcome in
order to realize high voltage power ICs on SOI:

1)How to realize high breakdown voltage devices on
thin SOIL.

2)How to minimize substrate bias cffects on high
voltage device characteristics.

3)How to realize large current high-speed devices on
thin SOI.

This paper summarizes our rccent rescarch results
and shows that all three problems can be overcome. It
was cxperimentally venficd that high voltage de-
vices, exceeding 500V, can be realized on a 10xm
thick SOI on 3xm thick bottom oxide.

The authors and another resecarch team
showed[2,3] that necgative substrate bias can dy-
namically be shiclded by inducing a p-channel on the
bottom oxide if high voltage dcvices arc formed on a
relatively thick SOI layer. The substrate bias effects
arc less significant for lateral IGBTs on SOI[2]. It
was further predictedf2] that even switching charac-
teristics of IGBTs arec not significantly influenced by
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the substrate bias. These results show that IGBTs
can be used as source followers or high side switches.

Recently, it was reported[4] that switching specd
of IGBTs on SOI is [aster than that of conventional
junction isolated IGBTs. This paper, for the first time,
compares, in detail, the trade-off rclations of IGBTs
on SOl and conventional junction isolated lateral
IGBTs.

2. Optimization of high voltage SOI dcvice struc-
ture

The analysis on diode breakdown voltages on SOI
was first donc by H.C. Chen ct al. in 1989[5]. Sincc
thcy adopted a p*/n/oxide/substratc diode structurc
and SIMOX substrate, they did not contemplatc the
idca of imposing a large part of applied voltage on the
bottom oxide. The authors proposed an n*/n/oxide/
substrate structure for high voltage diodes in
1990[1]. It was found that positive interface charge
density increascs diode breakdown voltage. The au-
thors further proposed[1,6] that n*/n/n*/oxide/sub-
strate structure enhances diode breakdown voltage
since the bottom oxide shares a larger part of the ap-
plied voltage.

The diode breakdown voltage takes its maximum
when the total donor impurity dosc of the SOI layer is
around 1.2x10", following the Resurf principle.

Figure 1 shows calculated n*/n-/oxide/substrate
diode breakdown voltage as a function of n layer
thickness with bottom oxide thickness as a parame-
ter, assuming an abrupt n*/n" junction. A similar cal-
culation, first performed by S. Merchant et al.[7] in
1991, showed the possibility of a very high break-
down voltage diodes, theoretically and experimen-
tally, if SOI thickness is less than a few 100nm.

Figure 2 shows the breakdown voltage depend-
cnce on n layer thickness with positive interface
charge density as a paramcter. Figure 3 shows similar
results, using a shallow n diffusion layer on thc bot-
tom oxide instead of positive interface charges. Fig-
ure 4 shows an optimized high voltage IGBT structurc
on SOI, based on the above analyses. Figurces 1 to 3
show the 1 dimensional breakdown voltage along the
symmetry axis A-A' in Fig.4. The 1-d breakdown
voltage can be realized by optimizing lateral diode
structures.

2. Static I-V characteristics of IGBTs and MOSFETs

on SOI and substrate bias cffects
Figure 5 shows calculated hole distnbution for an
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IGBT of Fig.4 when a 100V ncgative substrate bias
is applicd against both thc sourcc and the drain. It is
scen that substrate bias is shiclded by the induced
bottom p-channcl and that most of the SOI layer
remains undepleted. This means that the on-resis-
tance of relatively thick SOI MOSFETs or IGBTs is
not greatly affected by the substrate bias and ,thus,
can be used as high side switches or source follow-
ers.

Figure 6 shows calculated on-resistance change
as a [unction of SOI layer thickness associated with
ncgative substrate bias with total impurity dosc as a
paramecter. R_ and R, arc defined in the figure. The
calculations were carried out, assuming uniform im-
purity concentration in the SOI layer, with total impu-
rity dose kept constant. The on-resistance of a 500V
MOSFET on a very thin SOI such as 100nm depends
greatly on the substrate bias as seen n Fig.6. This 1s
because the thickness of the SOI layer is comparable
to that of inversion layer(p-channel).

Thyristor like devices, such as IGBTs, arc rela-
tively free from substrate bias cffects duc to a large
amount of carrnier plasma, and exhibit almost the same
current-voltage curves regardless of the substrate
bias level. Figure 7 shows the calculated drain cur-
rent change as a function of negative substrate bias.
It was shown that the calculated on-resistance was
scarcely affected by negative substrate bias. The
stored carner plasma ecasily shields the substrate
bias and a hole accumulation layer is formed on the
bottom oxide. It is understood that the substrate bias
scarcely affects the current voltage curve of IGBTs
since only a small portion of the total current flows in
the bottom accumulation layer.

3. Electrical charactenstics of IGBTs on SOI

It was experimentally shown that IGBTs on SOI
opecrate at high switching speed. However, it was
found that the trade-off relations for SOI IGBTs are
no better than those for optimized junction isolated
lateral IGBTs.

Figurc 8 shows our cxpcnmcntal results on the
trade-off rclation between the drain current for 3V
forward voltage vs. fall-time. Fabricated device
structures were exactly the same except for the de-
vices labeled A. SOI walers were fabricated using
boron doped 200Qcm resistivity wafers. Each of these
waler were directly bonded to another substrate wa-
fer after 2gm thick oxide films were grown. SOI layer
thickness was adjusted by the conventional lapping
technique. 8xm m diffusion layers were formed on all
the SOI and 200acm p- bulk wafers. Thus, the differ-
ences among the SOI wafers are the thickness of the
remaining p~ layer between the n diffusion layer and
the bottom oxide.

The broken line E in the figure 5 shows the change
in the fall-time with the decrease in the SOI layer
thickness, namely from JI to 11zm thick SOI. Al-
though the fall-time actually decreases, the device
charactenistics arc not improved from the viewpoint
of trade-off relation. However, significant improve-
ment in the trade-off relations in IGBTs on SOI were
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still rcalized by optimizing drain structures as indi-
cated by solid lines B,C, and D in Fig.5. The typical
new drain structure is shown in Fig.9.

The influences of further reduction in the SOI
layer thickness was investigated by a device simula-
tor TONADDEI . Calculations were carried out
assuming uniformly doped n type SOI layer with
kecping total impurity dosc as a constant valuc of
1x10". The resulls are shown in Fig.10.

Switching speed enhancement s predicted for
IGBTs on very thin SOI such as 2xm. Surface recom-
bination cannot be neglected for IGBTs on very thin
SOI. Figure 11 shows calculated forward voltage
dependence on surface recombination velocity S with
SOI layer thickness as a parameter. 1 or 2ym SOI is
still quite attractive because of high-speed switch-
ing and easy device isolation, although their charac-
tenstics are significantly influcnced by surface re-
combination velocity.

4.Conclusion

Fundamental problems associated with high volt-
age SOI power ICs have been overcome. The combi-
nation of CMOS logic, trench(or LOCOS) isolation
and high voltage SO output devices is promising for
high voltage power ICs. Application of SOI technol-
ogy to high voltage power ICs is now realistic.
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Fig.1 Calculated 1-d n*/n/oxide/substrate diode
brcakdown voltage as a function of n" layer thickness
with bottom oxidc thickness tox as a paramcter

References
[1]A.Nakagawa et al, Proc. of 1990 ISPSD, p97
{2]T.Matsndai et al, Proc. of 1992 ISPSD, p.272.

A.Nakagawa et al, Ext. Abstract of SSDM'92, p.137
[3JE.Arnold et al, Proc. of 1992 ISPSD, p.242.
[4]Y.S.Huang et al, Proc. of 1992 ISPSD, p.40.
[S]H.Chen et al, IEEE Trans. Electron Devices, ED-36,
p.488(1989)



[6IN.Yasuhara et al, 1991 IEEE IEDM Tech. Digest, p.141 ": v

A Nakagawa et al, 1EEE Trans Electron Devices, ED- .

38,p.1650(1991) Gate
{7]S.Merchant et al, Proc. of 1991 ISPSD, p31 vrain____V// 777/ L] source
v/ &/ e
i - l ’4‘ T=0. |
95000 —Z [ N- N*
' -7 4OE12 | 4 e e
e I ne Tl V/ /LSS
4 g ] TmEE Substrate
e —x =T 3.0E12 75 Sk 1
> . v
T 2.0E12 A .
30 -1 1.0E12 Fig.4 Optimized IGBT structure. Fig.l to 3 shows
g g 5.0E11 :l'c breakdown voltage along the symmetry axis A-
e .
£ e
- C=0.
e
m
oSl *
L, =3um o
R BRI
J_ iy -5 L
y A Al \F I R

0 5 10 15 20
n" layer thickness: (um)

Fig.2 Calculated 1-d n*/n’/oxide/substratc diode break-
down voltage as a function of SOI layer thickness with
interface charge density C as a parameter

Fig.5 Calculated hole density distribution for IGBT
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Fig.3 Calculated n*/n/o/oxide/substratc diode break- Fig.6 Calculated on-resistance increase rate asso-

down voltage as a [unction of n diffusion layer impurity ciated with negative sub. bias as a [unction of SOI

dose with n" layer thickness as a parameter layer thickness with total impurity dose in SOI layer
Gaussian impurity profile(2/Dt=1pm) is assumed as a parameter.

for bottom n diffusion.
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Fig.7 Calculated drain current for 2.8V forward voltage d

docs not change with substrate bias. (15pm SOI IGBT)
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Fig.10 Calculated trade-off relations for less than
10um SOI . Obtained experimental results for IGBTs
on SOI thicker than 10pm are shown together.
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Fig.9 Typical high speed IGBT with new drain structure face recombination velocity for IGBTs on 2pm thick
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