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The Effects of Irradiation on the NSCE and RSCE of MOSFETSs
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Abstract

In this project, we report, for the first
time, the simultaneous enhancement of
normal short-channel effect (NSCE) and
reverse short-channel effect (RSCE) on MOS
transistors. We have proposed a model to
successfully explamn this mingung and
seemingly contradictory observation. Medici
simulation also confirms with our model. Our
findings suggest that the conventional
thinking of designing transistors with a slight
RSCE before irradiation in hope that RSCE
will be reduced so an ideal Vth-vs-L curve 1s
achieved after irradiation 1s therefore
mmpractical. In addition, we also discovered,
for the first time, that the use of a nitrided
sacrificial oxide 1s as effecttve in reducing the
RSCE of the resultant transistors. Our
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findings have important implications 1n
designing MOS transistors for rad-hard
applications.

Keywords: rad-hard, MOS transistors,
normal short-channel effects, reverse
short-channel effects.
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Recently r1everse short channel effect
(RSCE) has recerved many attentions. Unlike
the normal short channel effect (NSCE)
which is the threshold voltage (Vth) lowering
with decreasing channel length (L). RSCE
depicts instead an increase in Vth with
decreasing L [1-6]. RSCE 1is believed to be
due a non-umiform lateral surface channel
dopant concentration (Cg) as a result of
enhanced boron  diffusion near the
source/dram (5/D) regions. It has been shown
that by nitriding the gate oxide or after-gate
re-ox, RSCE in nMOSFETs can be
suppressed [/-8]. In this paper we report, for
the first time, that RSCE in nMOSFETs can
also be effectrvely suppressed by performing
the nitridation on the sacrificial oxide (SO),
which is stripped off before growing a pure
S10; as the final gate oxide.

The effects of uradiation on Vth-lowenng
(1.e., NSCE) were reported briefly before [9].
They found that NSCE was enhanced after
urachation for thewr nMIOSFETs that depict
minor before-irradiation NSCE. Neither their
pre- nor after-irradiation devices depict RSCE.
In this paper, we report for the first tume the
Intriguing observations that while the NSCE
1s enhanced after irradiation on devices which



depict minor NSCE before irradiation, the
RSCE 1s smmultaneously enhanced after
irradiation on devices which depict minor
RSCE before nrradiation.
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Both n- and p-channel MOS transistors
were fabricated. Our baseline devices (ie.,
control) recerved a standard 25-nm 510,
sacrificial oxide growth that was later
stripped off before growing a 20-nm final gate
oxide. Some wafers were deliberately split to
receive an N,O-annealed 25-nm sacrificial
oxide to study its effects. The N,O-sacnficial
oxide was fust grown by O, oxdation,
followed by an N,O anneal for 15 min at
025°C, to make up a final thickness of 25nm.
For radiation study, devices were subjected to
a radiation from a cobalt-60 source with
1Mrad(S1) dose, and their characteristics were
re-measured.

Threshold wvoltage: vs. L for all
nMOGSFETs are plotted in Fig. 1. Before
uradiation, S10,-devices depict RSCE, while
N,O-devices depict NSCE, suggesting that
performing SO m N,O 15 also effective 1n
suppressing the enhanced boron diffusion,
resulting in a more uniform Cg thereby
suppressing RSCE m nMOSFETs. Our
results suggest that, even though the N,O-50
was stripped off, the nitrogen incorporated at
the interface remains, serving to suppress
enhanced boron diffusion dunng later
processing.

Threshold voltage depicts an across-the-L
reduction after nradiation for all nMOSFETSs
(Fig. 1), due to the well-known hole trapping
(Qp after uradiation. More mmportantly, an
interesting and seemungly contradicting
phenomenon is observed. Specifically, for
the S510,-devices that depict minor RSCE, the
RSCE 18 enhanced after uradiation
Interestingly, for the N,O-devices that depict
minor NSCE, the NSCE 1s also enhanced after

uradiation. The trend is even more clear by
plotting delta Vth (Fig. 2).

Similar trends are also observed in
pMOSFETs (Fig. 3). Before nradiation the
S10,-devices depict NSCE, while the
N,O-devices depict RSCE. Vth depicts an
across-the-L increase (1.e., in absolute value)
after 1uradiation for all pMOSFETs.
Moreover, for the S5i0,-devices that depict
minor NSCE, the NSCE is enhanced after
Iradiation. In contrast, for the N,O-devices
that depict minor RSCE, the RSCE is also
enhanced after irradiation. These trends are
even more clear by plotting delta Vth (Fig. 4).

We believe these seemingly contradicting
observations can be explained as follows:
taking nlMOSFETs for example, a more
uniform lateral Cy (e.g, N,O-nMOSFETs),
will depict NSCE before unradiation. A
uniform hole trapping Qp reduces Cg
uniformly, causing enhanced NSCE after
irradiation. However, for nMOSFETs with a
non-uniform lateral Cq (eg,
S510,-"MOSFETs), boron Cy is higher near the
S/D regions, causing RSCE before irradiation.
After uradiation, a uniform Qg attracts
uniform n-type electrons in the channel
counterdoping the p-type Cg resulting in a
more pronounced differential ratio mn the
boron Cg between the middle channel and
regions near 5/D, causing a more pronounced
RSCE.

To confirm the above hypothesis,
Medici  simulations were  performed.
Simulation results show that for nMOSFETSs
with a uniform Cg¢ NSCE is observed before
uradiation (Fig. 5). By adding a uniform Qg
an enhanced NSCE is indeed depicted (Fig. 5).
While for nMOSFETs with a non-uniform
lateral C¢, RSCE is depicted before nradiation
and an enhanced RSCE 1s indeed depicted
after irraciation (Fig 6), agreeing with our
experimental observations. Similarly, our
Medic1 simulations also confirm that both



RSCE and NSCE are enhanced after
uraciation (Figs. 7 and 8).

The effects of substrate blas are also
measured (Figs 9-12), confirmung with
previous reports that RSCE. 1s reduced with
substrate bias [10]. The DIBL effects are also
measured. for nMOSFET"s, the N,0-devices
depict worse DIBL. DIBL also worsens for
the 1irradiated devices (Fig. 13). For
PMOSFETs, simular trends are observed (Fig.
14). The drve currents are plotted in Figs

15-16.
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In conclusion, we report, for the first time,
that RSCE in MOSFETs can also be
effectively suppressed by employing an
N,O-treated sacnficial oxide [11]. More
mmportantly, we also report, for the first tume,
the intriguing observations that for devices
that depict NSCE, the NSCE i1s enhanced
after irradiation. While for devices that depict
RSCE, the RSCE 1is also enhanced after
nradiation [12]. Our Medici simulations
employing a uniform layer of trapped holes
indeed agree with our experimental
observations. Our findings suggest that short
channel effects, be 1t NSCE or RSCE, are
mostly likely to get worse after irradiation.
The conventional thinking of designing
devices with a shight RSCE before nradiation
in hope that RSCE will be reduced and an
ideal that Vy-vs-L curve would be achieved
after nradiation 1s therefore impractical, if not
1mpossible.

Some works have been published [11-12].
A full paper of the account 1s current under
preparation.
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Figz 1:Vth wvs. Channel length for
nIMOSFET’s. Nitridation of sacrificial oxide

1s as effective in suppressing RSCE. The

RSCE 1is enhanced after uradiation on
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S102-devices which depict minor RSCE prior
to wuradiation. While the NSCE 18 also
enhanced after nradiation on N2O-devices

which depict minor NSCE pror to
Irraciation.
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Fig. 2: Delta Vth ( which respect to long L )
vs. Channel length for nMOSFET’s.
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Fig. 3: Vth vs. Channel length for pMOSFET’s. The
NSCE is enhanced after nradiation on SiO.-devices
which depict minor NSCE prior to imwadiation. While
the RSCE is also enhanced after fradiation on
N20-devices which depict minor RSCW prior to
nradiation.
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Fig. 4. Delta Vth ( which respect to long L ) vs.
Channel length for pMOSFET’s.
1.0 | -
1.9 I—
|3 4
a5 - il
0 - -
oM -
= i |
g onf 1
= am| -|
nas - |
4
0l = 1
B8 L —— T TR
L wrh rradaien {
o.50 | L i
] ¥ 4 [ 1 ia
Chunnel Lengih | um |
Fig. 5: Smmulated Vth vs. Channel length for

nMOSFET’s with uniform lateral channel doping
profile. The devices depict NSCE prior to iiradiation,
and the NSCE is finther enhanced after mradiation,

agreeing with  experimental observation on
N,0-nMOSFET’s.
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Fig. 6: Simulated Vth vs. Channel length for

nMOSFET ’s with non-uniform lateral chanmel doping
profile. The devices depict RSCE prior to iiradiation,
and the RSCE is futher enhanced after iradiation,
with observation on

agreeing experimental
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Fig. 12: Vth vs. Channel length with substrate bias as
parameter for N20 pMO SFET’s.
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Fig. 13: DIBL effects for nMOSFET’s.
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Fig. 14: DIBL effects for pMOSFET’s.
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Fig. 16: Drive cunrent for pMOSFET’s.



