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The multiple-gate devices (MUGFETS) are an alieenab
minimize short channel effects, presenting bettalalsility than
single gate devices, and also have higher radiadiminess (1)n
spite of these advantages, MUGFETs presamhaller effective
electron mobility dudo the lateral conductiomithe (110) plane.
Stress engineeriigs been used to improve the electron mobility (2).
In this work the influence of high temperatureshighly stressed
devices is studied before and after proton iniadiat

The used devices were fabricatatlimec, Belgium. Their
characteristics are: channel length of 150nm, dighit of 65nm,
buried oxide of 150nm and fin widt\,) ranging between 40 and
870 nm. The gate electrode is composed by 100rpulysilicon
over 5 nm of TiN and the gate dielectric consis&3nm HfSION
on 1 nm SiQ All devices have source and drain contacts with
Selective Epitaxial Growth (SEG) teduce series resistance.
Additional process information can be found in T8l 60 MeV
proton irradiations have been performed up teeade of 18 p/cnt
at the Cyclone facility in Louvaila-Neuve (Belgium)The stressed
devices combine the biaxial stresaaaSOI wafer and the tensile
uniaxial stress (Contact Etch Stop Layer -CEStfeérsame device.
As the stresses have an additive effect, it regults high
effectiveness of the stress.

The subthreshold swing (SS) is a parameter thalessmibe the
switching performance afdevice and the analysis of this parameter
is shown i figure 1, for unstressed devices (1A) and for sieks
devices (1B)Wider devices present higher SS because theseslevic
have less sidewall gate to channel coupling leddisbort channel
effects (SCE). Narrow devices have more radiatiotneas due to
the small area and higher coupling between gattskdleps SS
almost constant. Howevydor wider devices the radiation causes a
significant increase @S due to the charges induced in the buried
oxide that promote a reduction of the back interfaezshold voltage
(Vthy) resulting in a higher leakage current at the Indeiace

When the temperature and the high effective sirestaken into
account, the SS degradation is even more sighifisdioth factors
(stress and temperature) also contritautiee bandgap narrowing (4)
and consequently leads to ajrtrduction and high back conduction.

The Drain Induced Barrier Lowering (DIBL) (5) dedence on
radiation, temperature and fin width for unstresdedces and
stressed onds shown in figures 2A and 2B, respectively. From
figure 2A it is possible to observe thatVeisy increases the DIBL
becomes higher due to the lower coupling betweten gad the high
SCE susceptibility. As the temperature increasdegeadatiorin
DIBL for wider fins is observed. It occurs becawsier fins present
less coupling between gates and when the temperatteases the
vertical electrical field at the Si surface redyttes in turn, permita
higher influence of the drain electric field on tignnel region.
Subjecting these devicesproton radiation, the DIBL is degraded
even moreThis degradatiors dueto the increase of the oxide and
interface trap charges and consequently due thighebackside
conduction influence (6). On the other hand, wiendtress is
considered (figure 2B), the generated number @fctiefaind the
bandgap narrowing are enough to strongly degrad®HBL (7).
Comparing all the influences on DIBL, the stresmshio be more
harmful than radiation and temperature effects.

The intrinsic voltage gain (A was analyzed through the
relationship between the transconductance in theatsan region
(gmy,) and the output conductanceg)(g\~=gM.{Cp.

Figure 3 presents tigen.and g (A), and A (B) as a function of
temperature for strained and unstrained devitesincrease of the
temperature causes ¢, decrease, due to the reduction of the
depletion region caused by the decrease of thdricel@eld.

However, increasing temperature results in a nmieasive g,
reduction dugo mohility degradation, causiiageduction of A. The
stress, in turns, causasincrease in thepgand an improvement in
the gn,; due to a high enhancement on electron mobilitysihce
Ay is the ratio between ggand g, the higher valuef gmy is
compensated by thg imcrease, resulting in an almost constant A

Considering all these influenaasthe A, behavior, as can be seen
in Fig. 3, it is possible to notice that the infloe of temperaturie
more important than the influence of radiationsiress.

Radiation and stress that strongly degrade dai@lacteristics
have less influence on analog characteri§linghe other hand, the
temperature makes the analog and digital perfornwirioe devices
worse.
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Figure 1: SS asfunction of W,y at 20°C, 100°C and 150°C for (A)
strained and (B) unstrained devices before antbadten irradiation.

FIN(

600 Closed S)I/mbols - Pre-RIAD Open S)I/mbols - Post-ll?AD 600

—-20°C —- 20°C
500 1| —@— 100°C {1 t|—@—100°C L 500
—&— 150°C —k— 150°C
400 {Vos,=20mV 1| Vos=50mV L 400
< Po=0.8V Voo=0.8V 5
= 300 A E 300 ,E
E —_
- 3
0 200 i L 200 s
5 2
100 1 L 100
L=150nm . L=150nm
. SOl A _sSOI+CESL B o
100 1000 100 1000
We,(nm) W, (nm)

FIN

Figure 2: DIBL as a function of ¥y at 20°C, 100°C and 150°C for (A)
strained and (B) unstrained devices before antbadtien irradiation.
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Figure 3 Transconductance (gghand output conductance)@A), ard
intrinsic gain (4) (B) in function of temperature for strained andnaireed
devices before and after proton irradiation.
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