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Investigation on a solution to improve the irradiation

reliability of SOI NMOSFET
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Abstract A solution is developed to improve the irradiation reliability of SOI NMOSFET (N-type Metal

Oxide Semiconductor Field Effect Transistor).

This solution, including SOI (Silicon On Insulator) wafer

hardening and transistor structure hardening, protects the SOI circuit from total dose irradiation effect.
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1 Introduction

SOI (silicon on insulator) devices are mostly em-
ployed in integrated circuits under irradiation envi-
ronment due to its intrinsic immunity to transient
irradiation effect. But it deteriorates seriously under
total dose irradiation™. While buried oxide sharply
reduces charge collection volume, it brings a leakage
path when irradiated® ®. This reliability issue is
more suffered by NMOSFET (N-type Metal Oxide
Semiconductor Field Effect Transistor) transistor as
the positive charges formed in buried oxide invert the
n-type back channel of NMOSFET. Another effect is
caused by the side parasitic transistor, which should
also be concerned under total dose irradiation'®. The
problem is raised from the positive trapped charges in
field oxide and they may induce an inversion layer at
the bird’s beak, giving rise to leakage current paths
from the drain to the source.

Aiming at those two irradiation effects, we have
developed a solution including two key processes. The
first one is to harden the SOI wafer by Si ion im-
plantation. After Si ion implantation, the irradia-
tion hardness of the buried oxide is improved. PL
(Photo Luminescence) method provides an evidence
of the mechanism. The second is the special struc-
ture, named “edgeless”, utilized in NMOSFET lay-
out, which cuts off the leakage path due to side par-
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asitic transistor. Comparison after irradiation be-
tween the edgeless transistor and the conventional one
shows the effectiveness of the edgeless structure.

2 Side parasitic transistor

Side parasitic transistor is a typical irradiation ef-
fect of NMOSFET. A conventional NMOSFET and
its leakage path through side parasitic transistor are
shown in Fig. 1(a). In our solution, the transistor
structure shown in Fig. 1(b) is employed. Its edge-
less property eliminates the leakage path through the
bird’s beak.
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Fig. 1.

Layout of (a) the conventional transis-
tor and (b) the edgeless transistor character-
istics.
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Transistors with both structures are irradiated by
X-ray. Their back gate characteristics are shown in
Fig. 2. It is clearly seen that there is a bump exist-
ing in the curve of conventional transistor, because
of the effect of side parasitic transistor. The current
contributed by the side parasitic transistor overlaps
the normal drain current and induces considerable
leakage current when the back gate voltage is zero.
We can also see in Fig. 2 that the edgeless transistor
is immune from that effect as the leakage path is cut

off.
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Fig. 2. Back gate sub-threshold characteristic
after irradiation dose of 500 krad (Si).

3 Buried oxide

Buried oxide is a unique region of SOI device.
The trapped charges formed during the irradiation in
this region may induce considerable leakage current
between the drain and the source. The response of
NMOSFET fabricated on conventional SOI substrate
after irradiation is shown in Fig. 3. The transistor
has the structure in Fig. 1(b), so no side parasitic
transistor effect is observed.

Figure 3(a) shows the back gate characteristics af-
ter irradiation. It is seen that the back gate threshold
voltage shifts obviously after irradiation. When the
back gate voltage is zero, the back channel is still in-
verted, inducing high leakage current. The front gate
characteristics are shown in Fig. 3(b). With the dose
increasing, the transistor suffers higher leakage cur-
rent when the gate voltage is zero. This effect directly
results from the inversion of back channel™.

To protect the transistors from this effect, we have
developed a hardening method by Si ion implantation
and anneal. The hardening process includes implant-
ing Si ion into the SOI substrate at specific dose and
annealing the substrate at a specific circumstance.

We fabricated transistors in hardened substrate.
Its response after irradiation is shown in Fig.4. An ac-
cident during test spoiled the integrity of the curve at
pre-irradiation case but it still can be seen in Fig. 4(a)
that the back gate threshold voltage shifts much less

for the hardened sample. At the dose of 1 Mrad (Si),
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Fig. 3. Back gate (a) and front gate (b) sub-

threshold characteristics of the transistor fab-
ricated on the unhardened SOI wafer after ir-
radiation.
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Fig. 4. Back gate (a) and front gate (b) sub-
threshold characteristics of the transistor fab-
ricated on the hardened SOI wafer during ir-

radiation.
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the back threshold voltage shifts less than 25 V on
1075 A basis, compared with the unhardened sample
shifting more than 40 V. As to Fig. 4(b), the front
gate characteristic nearly shows no deterioration be-
cause the back channel has not been inverted.

4 Discussion

To explain the mechanism of the hardening effect
by Si ion implantation and anneal, we investigate in
what have been changed or created in oxide after this
process. It has been reported that Si ion implanta-
tion into oxide may form Si nanostructure, which can
act as electron traps®. So we wonder whether there
exists Si nanostructure after our hardening process.
PhotoLuminescence (PL) method is utilized.

We acquired PL spectra of both unhardened and
hardened samples, shown in Fig. 5. The spectra of
hardened oxide feature a band peak at nearly about
750 nm'”, compared with the flat spectra of unhard-
ened oxide. The characteristic PL band of Si nanos-
tructure peaking at 730 nm has been reported. So
we believe that the band peak at 750 nm can be an
evidence to prove that the Si nanostructure is formed
in oxide after the hardening process. The Si nanos-

tructure works as electron trap and traps electrons to
compensate positive charges induced by irradiation.
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Fig. 5. PL spectra of the hardened and unhard-
ened oxide.

5 Conclusion

This work develops a solution to protect the SOI
device from irradiation, including edgeless structure
and buried oxide hardening. Both processes prove
valid by experiment and the solution is expected to
be utilized to improve the irradiation reliability of
SOI integrated circuit.
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