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Introduction
Notwithstanding that planar  Slicon-Orntinsulator  (SOI)
Complementary Metd-Oxide-Semiconductor (CMOS) presents
better sngleevet upsst robustness than the buk CMOS
technology, thanksto the presence of aburied oxide (BOX) (1), it
is less tolerant to the totd ionization dose (TID) due to the
generation of pogtive chargesin the BOX region (2). Nowadays,
the threedimensond (3D) multi-gate SOl MOSFETS
(MUGFETS) have been implemented in SOI technology in order
to improve the current drive, short-channd effects (SCE) and TID
tolerance (3). Beddes dress techniques have been usng to
improve the mohility and consequently the device peformance
(4). However, the influence of the radiation on Sressed devicesis
less dear. Thiswork ams to sudy experimentdly tendle versus
compressve uniaxidly dressed triplegate SOl MOSFETS
febricated on atendle biaxid gtraned wafer (sSOI) submitted to
an X-ray radiation environment. The focus of the comparetive
sudy will bethe andog parameterslikeintringc voltage gain (Ay)
and Early voltage (Vea).
Device Characteristicsand X-ray Procedure
The used MUuGFETSs present a fin height (Hg) and buried oxide
thickness of 65 nm and 145 nm, respectively. The gate didectric
dack conggsof 1 nm SO, covered by 2.3 nm HFSON, resuiting
in an equivaent oxide thickness of 1.5 nm and the gete dectrode
iscompased by 5 nm TiN followed by 100 nm polysilicon. More
detals are found in (5). The andyzed fin widths (Wgy) and
channd lengths (L) are between 120 nmand 870 nm and 150 nm
to 900 nm, respectively. The devices were implemented on a
rained-SOI (sSOI) subgrate, which is biaxiadly tensle sressed,
and dso have uniaxid dtress obtained by the dud Contact Etch
Stop Layer (CESL) technique. Then two different splits were
andyzed:
a) tendle biaxid dress plus tendle uniaxid stress (sSSOI+HCESL);
b) tendle biaxid dress plus compressve uniaxia —stress
(SOI+cCEQL).
The Diffractometer XRD-7000 from Shimedzu wes used to
irradiate the devices with an X -ray rediation effective energy of 10
krad, with an exposure rate of 20 krad(S)/s to produce a totd
ionizing dose (TID) in the 1 Mrad to 50 Mrad range. Keithley
4200 Semiconductor Characterization System (Modd 4200-SCS)
was used to perform the device dectricd characterization. The X-
ray radidgion is cgpable to produce sSmilar TID effects in
MOSFET sthan those observed by proton radiation (6).
Experimental Results and Discussion
Fgure 1 presents Ay (Ay =Vea.gmVlps, where gm isthe saturation
transconductance, Ips is the drain current and Vg, is the Early
voltage) as a function of radiation dose for NMUGFETSs with
different stress conditions for L equd to 150 nm and different
Whgn (120, 370 and 870 nm).
Andyzing Fig. 1, it can be observed that when Wgy increasss, the
Ay reduces, due to theworst coupling between gates and channd,
thet resultsin adevice performance reduction. Besdesthat, Ay, for
NMUuGFETs with tengle stress is aways higher than for devices
with compressve dress, due to the higher Vea. Furthermore,
NMuGFETs with both stresses are practicdly not affected by the
X-ray radiation for wider Wgy and L=150nm, the short-channel
effects (SCE) prevails over the X-ray radiation (up to 50 Mrad).
Fixing Wgy @ 870 nm and varying L (Figure 2), it can be seen
that when the channd length increases, Ay is higher due to the
Vea improvement asshown in figure 3.
Figure 2 dso shows thet for tendle dressad devices Ay isdways
higher than for compressive ones dueto the higher Vg, as shown

in figure 3. For L higher than 150 nm, where SCE is not the
predominarnt effect, the X-ray radiation reduces the Ay for both
gresstypes dueto the generation of pogtive chargesinthe buried
oxides and at the SOy/dlicon interface. However, when Ay is
compared under radiation, NMUGFETSs with compressve dress
show to be more affected by the X-ray radiation than deviceswith
tendle dress The maximum A, varidion for compressve
devicesis 25% for L = 600 nm and 48% for L = 900 nm, while
for tendle tranddors it is 18% for L = 600 nm and 42% for
L = 900 nm. The higher susoeptibility of the devices with
compressive gress to the X-ray radiation can be explained by the
higher number of defects found in the (sSOI+cCESL = tendle +
compressve) NMUGFETs when compared to (SSOIHCESL =
tendle+ tendle) MUGFETs
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Figure 1 - Intringc voltage gain asafunction of the radiation
dose for nMUGFETs with both stresstypes, for different Wgy.
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Figure2 - Intrinsic voltage gain asafunction of theradiation
dosefor both Sresstypes, for different channd lengths
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Figure 3 - Ealy voltage asafunction of the radiation dose for
nMUuGFETswith both stresstypes, for different channd lengths

Conclusion
Experimenta results demondrate that Vg, and conssquently Ay
with tendle dress present higher X-ray radiation robustness than
those observed with compressive stress, regarding devices without
SCE. The possible explanation is the higher defect densties of
compressive devices built on tensle wafers which contribute to
the andog parameters degradation.
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