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Abgtract : Inorder to improve the total-dose radiation hardness of the buried oxides(BOX) in the structure of separa
tion-by-implanted-oxygen(SIMOX) slicorrorrinsulator (SOI) ,nitrogen ions are implanted into the buried oxides with
two different doses,2 x 10 and 3 x 10®cm” ? ,respectively. The experimental results show that the radiation hard-
ness of the buried oxidesis very senstive to the doses of nitrogen implantation for alower dose of irradiation with a
Co-60 ource. Despite the small difference between the doses of nitrogen implantation ,the nitrogen-implanted 2 x 10
cm 2 BOX has a much higher hardness than the control sample (i. e. the buried oxide without receiving nitrogen im-
plantation) for a total-dose irradiation of 5 x 10*rad (S) ,whereas the nitrogen-implanted 3 x 10®°cm™? BOX has a
lower hardness than the control sample. However ,this senstivity of radiation hardness to the doses of nitrogen im-
plantation reduces with the increasing total-dose of irradiation (from 5 x 10* to 5x 10°rad (S)) . The radiation hard-
ness of BOX is characterized by MOS high-frequency (HF) capacitance-voltage (CV) technique after the top slicon
layers are removed. In addition ,the abnormal HF GV curve of the metal-silicorBOX-silicon(M SOS) structureisob-

served and explained.
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1 Introduction

The circuits based on the dliconrorrinsulator
(sOl) technology have a faster speed,lower pow-
er ,and higher device density!”. Also, SOl CMOS
integrated circuits (1Cs) are immune to latch-up
effect as compared to bulk-silicon CMOS ICs. In
particular ,SOI ICs show alower single event upset
(SEU) senstivity and reveal a stronger tolerance
to high dose rate trandsent radiation upset effects.
All these SOI benefits are due to buried dielectrici-
solation in SOI devices? . However ,the presence of
buried dielectric layers also makes it complex to
harden SOI devices to total-doseirradiation. Thisis
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because the radiation-induced trapped holesin bur-
ied dielectric layer can cause a parasitic back-chan-
nel conduction for SOl nMOSFETS® and a front-
channel threshold voltage shift for fully depleted
SOl MOSFETS™ . Thus,the hardening of the bur-
ied dielectric layers in SOl devices becomes very
important for those SOI ICs operating in radiation
environment. Consdering nitrided oxides have a
higher radiation hardness than thermal pure oxides
in MOS devices®® ,the nitrided buried oxides in
SOI devices are expected to have an improved radi-
ation hardness to total-dose irradiation. A buried
S0.-S3N4-90: multilayer dielectric has been fab-
ricated as a hardened buried layer in SOI structure
by the zone-melting recrystallization (ZMR) tech-
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nique'”’. In addition ,the hardened SOI buried lay-
ers formed by oxygen and nitrogen implantation
have also been reported® . Undoubtedly ,for hard-
ening SOI buried layers,the doses of nitrogen im-
plantation should play a very important role. How-
ever ,the effect of the doses of nitrogen implanta
tion on the radiation hardness of buried layers has
not yet been studied well. In this paper ,a prelimi-
nary investigation on this effect has been per-
formed by implanting nitrogen into the buried ox-
ides(BOX) of the separation by-implanted-oxygen
(SIMOX) SOI wafers with different doses. The
sengtivity of the radiation hardness of SIMOX
BOX to the dosesof nitrogenimplantation has been
exhibited.

2 Experiment

The SIMOX SOI wefers were prepared by im-
planting oxygen into p-type, 2X2 - cm, 100 dl-
icon wafers with a dose of around 2 x 10 °cm”? and
post-implantation 1300
ambient. The prepared SIMOX SOl wafers have a
200nm top dlicon layer and a 375nm BOX. For the
improvement of the radiation hardnessof theBOX,
with 160keV ,nitrogen ions were subsequently im-
planted into the BOX with the doses of 2 x 10* and
3x10"cm ? ,respectively. The nitrogerimplanted
SOl wafers were annealed at 1200 in N2 ambi-
ent. S0,S01 wafers 1# ,2# were obtained ,respec-
tively corresponding to the two nitrogen doses. In
addition [for comparison ,SOI wafer O# as a control
wafer dose not receive nitrogen implantation.

The meta-BOX-semiconductor (MOS) capaci-
tors,MOS 0# 2 # ,were respectively fabricated
on the SOl wafersO# 2# after the top dlicon lay-
ers were removed by reactive-ion etching. All the
MOS capacitors have a 1. 96 x 10" °cm” ? Al-gate by
electron beam evaporation. Additionally ,a metal-
silicorBOX-silicon(M SOS) capacitor ,MSOS 0# ,
was prepared on SOI wafer 0# .

The high-frequency (HF) CV characteristics
of all the capacitors were measured by a computer -

annealing in Oz + Ar:

controlled HP4275 L CR meter at 1M Hz before and
after irradiation. The capacitors were irradiated
with a Co-60 source at a dose rate of 1. 38 x 10*
rad(S)/ min. MOS 0# 2# received respectively
the total-dose irradiations of 5 x 10* and 1 x 10°
rad(S) witha +6 5V gate bias duringirradiation.
In addition ,with a zero gate bias during irradie
tion MOSO# 2# received atotal-dose irradiation
of 5x10°rad(9) .

3 Resultsand discussion

Figures 1,2 ,and 3 show the HF CV curves of
MOSO0# 2 # capacitors before and after theirra
diationsof 5x10*,1 x10° ,and 5 x 10° rad(S) ,re-
gpectively. In the figures,symbols C, Gsox ,and Ve
denote the total capacitance,the BOX capacitance,
and the gate sweep voltage ,respectively. It is well
known that the bulk-trapped holes due to irradier
tion in BOX smilar to fixed oxide charges can only
result in the negative parallel shift of a HF CV
curve along voltage axis® . From Fig. 1 ,it is obvi-
ousthat the HF CV curve of MOS 1# shows a
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Fg.1 Highfrequency CV characteristics of MOS 0#

2# capacitors measured at a frequency of 1M Hz be-
fore and after 5 x 10* rad(9) irradiation Gate hiasis
6. 5V during irradiation.

smallest shift after 5 x 10* rad (S) irradiation. In
particular ,this GV curve shift of MOS 1# (about
2V) is much smaller than those of MOS0# (about
10V) and MOS 2# (about 12V) . Namely ,the BOX
of MOS 1# has a much higher radiation hardness
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to 5 x 10" rad (S) irradiation. This result is sur-
prising ,because the BOX layer in MOS 2# a0 re
ceived a 3 x 10 cm’? nitrogen implantation. How-
ever ,the tolerance of MOS2# to 5 x 10° rad(S) ir-
radiation is even poorer than that of MOS 0# as a
control sample. Consdering the small difference
between the nitrogen doses of 2 x 10*° and 3 x 10"
cm’ ? as compared to the oxygen dose of around 2 x
10®cm” ?in BOX ,this means the radiation hardness
of the BOX to 5 x 10" rad (S) irradiation is very
sengitive to nitrogen doses. However ,this senstivi-
ty decreases with the increasing total dosesof irra-
diation ,as seen in Fig. 2. After 10° rad(9) irradia

tion ,the GV curve of MOS 1# becomes close to
that of MOS 0# ,while the difference of the GV
curve shifts between MOS 0# and MOS 2# is
dightly larger than 5 x 10* rad (9) irradiation in
Fig.1. Thisis probably due to the difference be
tween the dendties of the BOX electron and BOX
hole traps induced by nitrogen implantation™™ '
Namely for 2 x10"cm’ ® nitrogen implantation ,the
more electron traps are created because of thisim-
plantation in BOX ,as compared to the hole traps
created by the same implantation. Thus,the elec
tron trapping in MOS 1# BOX suppresses the neg-
ative CV shift of MOS 1# related to the hole trap-
ping after 5 x 10* rad(S) irradiation. However ,af-
ter 5x 10" rad(S) irradiation ,the most of the elec-
tron trapsin MOS 1 # BOX are occupied. Asa re-
sult ,the hole trapping in MOS 1# BOX is domi-
nant during 10° rad(9) irradiation. Thus,the large
GV shift of MOS 1# occurs after 10° rad(9) irra
diation. On the other hand ,for 3 x 10®cm’? nitro-
gen implantation ,a contrary case probably appears
in BOX due to thisimplantation. That is,in MOS 2
# BOX there are the more hole traps induced by
this nitrogen implantation than the number of elec-
tron traps induced by the same implantation. This
leads to a larger GV shift of MOS 2# than that of
MOS 0# dfter irradiation. Therefore,the concen-
trations of the electron and hole trap in BOX are
probably senstive to the different dosesof nitrogen
implantation. In Fig. 3 ,after 5 x 10° rad(9) irradiar
tion ,the GV curvesof MOS 1# 2# amost over-
lap completely and display a worse distortion than
that of MOS 0# due to the interfacetrapped char-
ges® . The 1200
of nitrogeninto BOX may be responsble for a poo-
rer BOX/ S interface!™ ,which is helpful for the
generation of theinterface traps duringirradiation.
Even 0 ,the influence of interface traps on GV
curvesis negligiblein the case of alower doseirra
diation.

From Figs.1 3 ,dfter irradiation,all the GV
curves begin to rise rapidly in near inverson ,and
then reach their regpective constantsin strong in-

annealing after the implantation
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verson. An explanation can be given through the
mechanism of the lateral spreading of inverson
layer beyond the gate!™ . Namely ,the trapped holes
in BOX and the postive interface-trapped charges
due to radiation give rise to the formation of inver-
son layer for p-type dlicon substrate. The inver-
sion layer beyond the gate provides minority carri-
ers (i.e. electrons) and increases the effective area
of the gate,causng the increase of semiconductor
capacitanceininverson region. The higher theirra
diation doses,the more the trapped holesin BOX,
the larger the CV curve shifts,the more the mi-
nority carriers in inverson layer ,and the greater
the semiconductor capacitance ininversion (as seen
in Figs.1 3).

The HF GV curvesof MSOSO0# in Fig.4 are
abnormal. They look like quas-static CV curves
rather than HF GV curves” to a great extent. The
reason for this should be that the existence of the
permanent inversion layers beyond the gate (smi-
lar to MOS structures ,as mentioned above'*®!) .Be-
foreirradiation ,the key factor of forming the inver-
son layers in the MSOS structure should be the
positive impurity ions (such as Na*) existing on
the sdewall of the sliconidand and the BOX sur-
face (see Fig. 5). After irradiation, the bulk-
trapped holes due to irradiation in BOX not only
attract more electronsinto the permanent inverson
layers but al 0 cause a spread of the permanent in-
verson layers. As a result ,the bigger semiconduc-
tor capacitances occur in inverson ,bringing the G
V curves of MSOS 0# to a higher level (as seen in
Fig. 4). Additionally, the bulk-trapped holes in
BOX due to irradiation lead to a change of the sur-
face potential of semiconductor. Thus,the stretch-
out of MSOSO0 # CV curves happensin Fig.4.

4 Conclusions

For 5x 10" rad (S) irradiation ,the total dose
radiation hardness of the nitrogen-implanted BOX
shows a strong sensdtivity to the doses of nitrogen

implantation. For 2 x 10 cm’? nitrogen implanta
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tion ,the BOX exhibits a much greater tolerance to
radiation than for 3 x 10 cm™? and zero nitrogen
implantation. This sendtivity may be related to the
electron and hole trapsinduced by nitrogen implan-
tationin BOX. However ,as the total dose of irradi-
ationis up to 10° rad(S) ,this senstivity hasa sig-
nificant reduction. Particularly for a high doseirra
diation of 5 x 10° rad (S) ,there is no longer this
sengtivity. The high temperature annealing after
nitrogen implantation probably leads to a degrada
tion of BOX/ S interface. The decrease of annealing
temperature and time after nitrogen implantation
may be useful to avoid a poorer BOX/ S interface.
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