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a b s t r a c t

The study of ionizing radiation effects on semiconductor devices is of great relevance for the global tech-
nological development and is a necessity in some strategic areas in Brazil. This work presents preliminary
results of radiation effects in MOSFETs that were exposed to 3.2 Grad radiation dose produced by a
2.6-MeV proton beam. The focus of this work was to electrically characterize a Rectangular-Gate MOSFET
(RGT) and a Circular-Gate MOSFET (CGT), manufactured with the On Semiconductor 0.5 lm standard
CMOS fabrication process and to verify a suitable geometry for space applications. During the experi-
ment, IDS � VGS curves were measured. After irradiation, the RGT off-state current (IOFF) increased approx-
imately two orders of magnitude reaching practically the same value of the IOFF in the CGT, which only
doubled its value.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction beak effect [3]. Fig. 1 presents a side cross section of a Rectangu-
As new technologies are developed and integrated circuits (ICs)
are miniaturized, the concern with ionizing radiation effects has
increased in the prototyping of analog and digital circuits [1]. The
increasing need for radiation tolerant circuits, made the aerospace
agencies and governments to encourage the scientific community
to develop new techniques, fabrication processes, materials and
devices that can mitigate the degradation of ionizing radiation (pro-
tons, heavy ions and electromagnetic waves) in semiconductor
device parameters and possibly electrical failures [2].

The total ionizing dose (TID), which is the accumulation of the
ionizing dose over time, is one of the most common problems to
which ICs are exposed in space environment and, possibly, also at
ground level [3,4]. TID can cause the degradation of electrical param-
eters of the MOSFETs, depending on the region in which the positive
charges are deposited in the device. If most of the positive charges
are trapped in the gate oxide, there is a decrease in the threshold
voltage (VTH) [3]. However, if most of the positive charges are
trapped in the Silicon/Gate Oxide interface (Si/SiO2), there is an
increase in the threshold voltage and in the subthreshold slope (S)
[3]. Additionally, most of the Rectangular-Gate transistors manufac-
tured with the conventional CMOS process, suffer from the bird’s
All rights reserved.
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lar-Gate transistor, indicating the bird’s beak region. The bird’s beak
traps positive charges, thus inverting the p-type substrate, which
leads to the creation of a parasitic channel between the drain and
source contacts, even with no bias applied to the gate terminal,
increasing the off-state current (IOFF) and the leakage current (ILEAK).
In fact, the parasitic channel created by the bird’s beak can be consid-
ered as a parasitic MOSFET in parallel to the prototyped MOSFET.
Since we have two bird’s beak per transistor, the RGT consists effec-
tively of three MOSFETs in parallel.

Total dose effects can be mitigated through layout strategies,
using Enclosed Layout Transistors (ELTs) [5], such as the Circular-
Gate Transistor (CGT) [6]. In a CGT, the gate circumvents the inter-
nal region avoiding the appearance of a bird’s beak structure.

This work presents an electrical characterization of a Rectangu-
lar-Gate transistor (RGT) and a Circular-Gate transistor (CGT),
manufactured with the standard CMOS fabrication process AMI
(On Semiconductor) of 0.5 lm, that were exposed to a 2.6-MeV
external proton beam produced by the 1.7 MV Pelletron accelera-
tor of the University of São Paulo. During the irradiation procedure,
beam current was changed aiming different proton fluences and
the samples were characterized electrically before, during and
after the irradiation.

2. MOSFET prototyping

To attest the robustness of the Enclosed Layout Transistor (ELT)
category, a Rectangular-Gate transistor (RGT) and a Circular-Gate
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Fig. 1. Side cutting of a conventional MOSFET, indicating the bird’s beak region and
its equivalent circuit [7].

Fig. 2. Simplified layout of a CGT and of an RGT.
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transistor (CGT) were prototyped for this experiment. Fig. 2 shows
a simplified layout of a Circular-Gate transistor (Fig. 2a), and of a
Rectangular-Gate transistor (Fig. 2b). In a CGT, channel length is
Fig. 3. Layout of the RGT and the CGT implemented with the IcStation softwar
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Fig. 4. IDS � VGS curves for VDS = 10 mV of the RGT and the CGT and Log (ID
defined as L = R2 � R1, where R1 and R2 are the internal and the
external radius of the CGT, respectively. Unlike the RGT, the CGT
is an asymmetric transistor, since its internal and external regions
present different areas and behave differently when biased in
internal or external configurations [6]. However, the reduced CGT
internal region, when configured as an internal drain is capable
to reduce the stray capacitances. In order to compare the radiation
effects between rectangular and circular shaped transistors, the
effective CGT aspect ratio was used to prototype equivalent devices
[8]:
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For the experiment, ‘‘N’’ type MOSFETs of a RGT and of a CGT geom-
etries with channel length of 12 lm were prototyped, using the de-
sign rules of the 0.5 lm standard CMOS fabrication process of the
AMI (On Semiconductor). Fig. 3 shows the RGT and the CGT layouts,
as designed by IcStation software from Mentor Graphics (Fig. 3a)
and their picture after manufacturing process (Fig. 3b).
3. Irradiation procedure

The transistors were directly exposed to 2.6-MeV proton beams
with currents of 1 and 10 nA. During irradiation, several IDS � VGS

curves with VDS = 100 mV were measured, using an automatic
measuring interface. Before and after irradiation procedure, the de-
vices were electrically characterized using a semiconductor device
analyzer. The CGT and the RGT were both exposed up to 3.2 Grad
radiation dose, varying beam current and irradiation time.
e and their correspondent device image after the manufacturing process.
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4. Experimental results

In Fig. 4, IDS � VGS curves with VDS = 10 mV (a) and the Lo-
g (IDS) � VGS curves with VDS = 500 mV, measured before and after
irradiation. The semiconductor parametric analyzer (Keithley
4200) is also shown. Although circular transistors tend to be more
tolerant to ionizing irradiation, both the RGT and the CGT pre-
sented a variation of 350 mV of the threshold voltage, after being
exposed to 3.2 Grad total dose. However, the off-state current
and the leakage current of the CGT were practically not affected
by the radiation, in contrast to the RGT, as shown in Fig. 4b. Since
the Enclosed Layout Transistors (ELT) do not have the bird’s beak
region, they present a smaller degradation in the off-state current
and in the subthreshold slope [3], compared to the conventional
MOSFETs. It should be noticed that the RGT presented more than
two orders of magnitude variation in the off-state current, reaching
practically the same value than the CGT, which presented only a
twofold increase in the off-state current after irradiation. This
increment in the RGT’s IOFF is attributed to the accumulation of
trapped positive charges in the bird’s beak region, which leads to
conduction of a leakage current between the drain and source con-
tacts, even with no bias applied to the gate.

5. Conclusions

A Rectangular-Gate transistor and a Circular-Gate transistor
were prototyped, using 0.5 lm standard CMOS fabrication process
AMI (On Semiconductor) with a channel length of 12 lm. These de-
vices were exposed up to 3.2 Grad protons with 2.6 MV and electri-
cally characterized before and after the irradiation exposure. The
results show that the RGT and the CGT presented a variation of
350 mV in their threshold voltage. As expected, the RGT is strongly
influenced by ionizing radiation due to the presence of the bird’s
beak region, which leads to an increase of two orders of magnitude
in the off-state current, reaching practically the same value of CGT
IOFF, that only doubled its magnitude and therefore can be used as
an alternative device for spacial integrated circuits. Based on the
experimental results, we can conclude that the CGT is more toler-
ant to proton beam irradiation, if compared to the RGT counterpart,
regarding the same bias and irradiation conditions.
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