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Abstract The total dose radiation response of pseudo-MOS transistors fabricated in hardened and unhard-
ened FD (fully-depleted) SIMOX (Separation by Implanted Oxygen) SOI (Silicon-on-insulator) wafers is pre-
sented. At 1 Mrad(Si) radiation dose, the threshold voltage shift of the pseudo-MOS transistor is reduced from
—115.5 to —1.9 V by the hardening procedure. The centroid location of the net positive charge trapped in

BOX, the hole-trap density and the hole capture fraction of BOX are also shown. The results suggest that

hardened FD SIMOX SOI wafers can perform well in a radiation environment.
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1 Introduction

Silicon-on-insulator (SOI) technology has many
great advantages over bulk-silicon technology for
radiation-hardened military and space applications.
Transistors and circuits made of SOI materials are
resistant to single-event and dose rate effects in a
high level™. Unfortunately, the existence of buried
oxide (BOX) introduces a total dose problem. The
radiation-induced positive charge trapped in the BOX
leads to the back channel conduction of a fully-
depleted (FD) SOI transistor, which increases the
leakage current and induces the threshold voltage
shift".

Ton implantation of BOX with silicon is an ef-
fective method to enhance the resistant ability of
SOI materials to the total dose radiation. Ion im-
plantation creates electron traps with large cap-
ture cross sections, that, when filled, could compen-
sate the radiation-induced trapped positive charge in
the BOX®. The pseudo-MOS transistor is essen-
tially a test device for the characterization of SOI

wafers. Highly pure transistor-like characteristics

Received 22 December 2008

can be obtained from which the electrical parame-
ters of the film, BOX and top interface can also be
extracted!* .

In this work, pseudo-MOS transistors and SIS
(semiconductor-insulator-semiconductor) capacitors
were fabricated in ultra thin FD SIMOX (Separation
by Implanted Oxygen) SOI wafers hardened or un-
hardened by silicon ion implantation. The total dose
response of the devices mentioned above was inves-
tigated under °°Co vy ray radiation, which aimed to
evaluate the radiation hardness of the ultra thin SOI
wafers. We also discussed the effects of the harden-
ing procedure on the charge centroid location and the
hole-trap density of BOX.

2 Experiment details

The Si film and BOX thicknesses of FD SIMOX
SOI wafers used in this experiment are 50 nm and
380 nm respectively. The wafers were hardened by
implanting Si ions at a dose of 1x10*/cm? into BOX
followed by a 950 °C anneal.
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The pseudo-MOS transistors were fabricated as
shown in Fig. 1. The isolated silicon islands were
formed by the definition, etching, and cleaning of the
top Si film. The principle of the pseudo-MOS tran-
sistor is very simple: the bulk Si substrate is biased
as a gate contact through a metal support, the BOX
acts as the gate oxide and the Si film is the transis-
tor’s body serving simultaneously as drain and source
probe-contacts. Biasing the substrate induces an in-
version or an accumulation conduction channel at the
upper interface of the BOX, so that MOSFET-type
electrical characteristics such as I-V curves are ob-
tained. The SIS capacitors use the same fabrication
mask as the pseudo-MOS transistors, except that alu-
minum is deposited on the top of the Si film. The
transistors and capacitors yield the voltage shift in-
formation of both Si-BOX interfaces respectively du-
ring radiation, by which we can calculate the charge
centroid location!®.
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Fig. 1. Schematic diagram of a pseudo-MOS
transistor with point probes for source and
drain contacts.

Our samples were exposed to a ®*Co -y ray source
at a dose rate of 25 krad(Si)/min for the total dose
radiation testing. We applied a positive voltage on
the metal (see Fig. 1) to create a strong biased elec-
tric field of 5x10° V/cm through BOX during radia-
tion for trapping more holes. We used HP 4156C and
4284 A parametric analyzers for measuring the I-V
characteristics of transistors and C-V characteristics
of capacitors respectively before and after radiation.
The samples were characterized as a function of total
dose at 0, 300, 600 and 1000 krad(Si).

3 Results and discussion

Figure 2 shows the I-V characteristic curves of un-
hardened and hardened pseudo-MOS transistors after
suffering different radiation doses. The pseudo-MOS
transistor exhibits behaviors similar to a combination
of conventional pMOS and nMOS transistors. But in
this paper, we focus on the voltage shift and leaka-
ge current information of the samples during radia-
tion to evaluate the hardening technology. The other
details of the curves are not major concerns in this

research.
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Fig. 2. I-V characteristic curves for (a) un-
hardened and (b) hardened pseudo-MOS tran-
sistors after different radiation doses at Vp=
0.1 V.

The curves of the unhardened pseudo transistor
had a large negative shift during radiation, and the
back channel current of the nMOS-like part at Vg=0
was saturated after only 300 krad(Si) radiation. This
resulted in unbearable degradation of the top gate
threshold voltage and large leakage current of front
channel in conventional FD nMOS transistors fabri-
cated in this material®.

Little or no shift of curves was observed in the
hardened pseudo transistor suffering radiation. No
obvious current occurred even when Vg=20 V, elimi-
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Fig. 3. C-V characteristic curves for (a) un-

hardened and (b) hardened capacitors after
different radiation doses.

The threshold voltage shifts of pseudo transistors
and flatband voltage shifts of capacitors as a func-
tion of total dose are given in Fig. 4. The maximum
shift of the hardened transistor is shown to be —1.9 V
at the dose of 1000 krad(Si). Compared with the
—115.5 V shift of the unhardened transistor, it ap-
pears that the hardening procedure is very effective.
We also see that the flatband voltage shifts are at the
same level for both kinds of capacitors.

The net positive charge centroid locations of hard-
ened and unhardened BOX after radiation were ex-
tracted with the data in Fig. 4, using the following

equation!'”:

x:Tbox(l'i_A‘/th/A‘/ft)717 (1)

function of the total dose. (1) Threshold volt-
age shift of unhardened transistor. (2)Thresh-
old voltage shift of hardened transistor. (3)
Flatband voltage shift of unhardened capac-
itor. (4) Flatband voltage shift of hardened
capacitor.

where Tyox = 380 nm is the BOX thickness, AV;,
is the threshold voltage shift of the transistor and
AV is the flatband voltage shift of the correspond-
ing capacitor made in the same wafer after different
radiation doses. The results are shown in Fig. 5.
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Fig. 5. The charge centroid location of hard-

ened and unhardened BOX as a function of
radiation dose.

We can see that the centroid locations of unhard-
ened BOX are 48 nm, 42 nm and 37 nm beneath
the top interface with increasing dose. The change of
centroid location is due to the fact that the radiation
induced holes drift toward the top interface under the
applied strong electric field during radiation. It is so
close to the back channel of the transistor that a large
amount of trapped net positive charge can impact
on the threshold voltage and leakage current badly,
which is consistent with our results in Fig. 2(a).

In contrast, the centroid location of hardened
BOX is about 350 nm, close to the bottom interface.
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This is because a lot of filled electron traps created
by the hardening procedure compensate the positive
charge in the upper part of BOX. So the residual
net positive charges in BOX have little effect on the
threshold voltage as shown in Fig. 2(b).

Usually the AV}, of a pseudo-MOS transistor can

be described by the following equations!™":
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where D is the total dose in rad(Si), and the parame-
ter A is the maximum threshold voltage shift, usually
occurring near 1000 krad(Si), and D, is another pa-
rameter, k is the oxide dielectric constant, p is the
oxide density, and w is the energy required to create
an electron-hole pair. We fit Eq. (2) with the ex-
perimental data presented in Fig. 4 (curvel) and 4
(curve2), and then A and D, can be obtained.

In terms of Egs. (3) and (4), parameter A is re-
lated to the hole-trap density N,; and D, is related
to the fraction of hole capture, a, a number which
indicates the hardness of the BOX. We show the vari-
ations of the two radiation parameters, N, and «, in
Table 1.
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Table 1. Radiation parameters of SIMOX SOI
pseudo-MOS transistors.
parameters unhardened hardened
A/V 147.86 3.07
Do/rad™?! 7.23x10° 3.27x10°
Not /cm ™2 8.52x 1012 1.77x 1011
o 0.042 0.0019

For the hardened transistor, at least a factor of
40 improvement in the hole-trap density and a fac-
tor of 20 improvement in the fraction of hole capture
over the unhardened transistor are demonstrated.
This fully explains that the hardening procedure is
very effective in enhancing the resistant ability of FD
SIMOX SOI materials to the total dose radiation.

4 Conclusions

In this paper, we analyzed the radiation response
the pseudo-MOS transistors fabricated in hardened
and unhardened FD SIMOX SOI wafers. We also
calculated the centroid location of net positive charge
trapped in BOX, the hole-trap density and the hole
capture fraction of hardened and unhardened BOX.
The results show that the hardening procedure is a
very effective method to reduce the amount of net
positive charge trapped in the BOX and enhance the
hardness of the BOX of FD SIMOX SOI materials.
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