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Introduction

The operation of MOS transistors in linear reggoafigreat
interest in several analog circuits, such as terdi where they
are used as tunable resistors (1, 2). In thisgumafiion, source
and drain are used as resistor terminals and teevgdage
(V) tunes thenresistanceRyy) to the target value. However,
MOSFETs very non-linear |-V characteristics coutgitan
important drawback in these applications as it igeee
undesired harmonics to the fundamental input signal

Junctionless nanowire transistors (JNTS) have imemtly
proposed and constitute a promising alternativeirtmmvent
the technological challenges of realizing ultraggheoping
concentration gradients in junctions for advancddOS
technologies (3)The device is a silicon nanowire with constant
heavy doping through source, channel and draiapssented
in Fig. 1. INTs have been demonstrated to provigoved
characteristics for analog application in compartsanversion-
mode (IM) MuGFETS, such as reduced output condcetét)
and harmonic distortiorHD) when operating as an amplifier
(5). However, no information about the operation)isf's as
guasi-linear resistor has been presented up tolndhis work,
an experimental analysis of JNTs working as resiso
presented as a function of fin wid¥{) and temperaturel},
focusing on the on-resistance and linearity.
Results and Discussion

JNTs were fabricated on SOI wafers with 340 nmebluri
oxide, following the process described in [@)e silicon layer
was patterned into nanowires withkl pum, andw, ranging
between 20 nm and 40 nm with fin heigH) of 10 nm. The
doping concentration is to about 30 cm® and the gate stack is
formed by 10 nm-thick gate oxide and 50 nm-thick P+
polycrystalline silicon. Fig. 2 presents the glinsar measured
Ips Vs Vps for INTs with differentV;, at300K, with gate voltage
overdrive ¥e=Ver — V5, WhereVs is the threshold voltage) of
1V. As shown by these curves, fgps < 0 the current is
significantly more linear than for positi%,s values, where the
linearity is limited by the saturation of currentich dominates
the device global nonlinearity.

GenerallyHD properties of MOSFETSs are dominated by the
second-order harmonic. However, in applicationsh sas
MOSFET continuous-time filters, balanced structaresused (2)

300K. As shown in this figur&/increase improves the linearity,
as it increases the saturation voltage. In pratdiod/s; values are
not of interest when transistor is used as quesidiresistor, but
only as an amplifier, that operates in saturafiba.reduction o\,
has shown to slightly worseHD3. Also, a negative peak is
observed aroun¥z=800mV, marking the transition between
saturation and linear regions. A displacement isf fleak is
observed when the temperature increases, as shdiendoirves of
W;,=20nm at differert, also presented in Fig. 3. No clear tendency
of HD3 with T has been observed. The obtalHE8 is lower than
those reported in ref. (7) for IM Triple gate desi¢around70 dB
for W4,=30nmatVe=1V, signal amplitude of 100mV and 300K).

From the curves of Fig. Roy has been extracted with
Vps=100mV as a function &k, and is presented in left axis of
Fig. 4. The fin narrowing causdR,y increase at 300K.
ExtractedRoyis also presented as a functiormdbr JNTs with
W;;,=20 and 30nm. As showRgy does not present a monotonic
tendency withT. In conventional IM transistor3, rise causes
Ron increase due to mobility reduction. This tendecay be
also seen for JNT only fdr> 450K approximately. Below this
T, Roy Starts increasing again, which may be due to iptzim
ionization of dopants in silicon layer that hasrbedready
shown to play an important role in JNTSs resistawan when
working above cryogenic regime and near 300,KR)8
Conclusions

In this work the performance of INTs as quasiinesistor
has been presented for the first time. Unlike fivhiransistors,
where the omesistance monotonically increases with
temperature rise, the resistarde/NTs has shown a ‘valley’
around 450K, increasing below this temperatures Turease
may be related to incomplete ionization, whichnipartant in
these kind of devices. It has been observed thahitd-order
harmonic distortion is slightly worsened WW;, increase
although it is smaller than the values reportetiériiterature for
IM Triple gate devices with simil&f,.
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in order to suppress the even-order harmonics,tisatkhe third- I
order harmonic HD3) becomes dominant. The distortion o0 Oxide -
characteristics have been obtained using the IRkibché5), which
allows for accessing theD through DC measurements. For this Source Drain
. . . . . N+ Silicon
analysis, devices have been biased,gtOV and the sinusoidal
signal amplitude is varied. The obtai¢i3 with signal amplitude _ o LBuredOnde
of 100 mV is presented in Fig. 3 as a functiodgf for INTsat Fig. 1 - Sghematlc IV|ew.of the silicon nanowire MOSFET and
cross-sections of a junctionless nMOS transistor.
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Fig. 2 — Ips Vs \ps curves in linear Fig. 3— HD3 as a function of ¥ for INTs ~ Fig.4—Calculated Byas a function of Yy

operation regime, atd4=1V and 300K.

with different W, and temperature.

and temperature aty=1Vand \b<=100mV.



