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ABSTRACT

We evidence the advantages and drawbacks of codafgéng as a
solution to locally lower the threshold voltagel®nhm thin FDSOI n
and pMOSFETs integrated with a single TiN/HfO2 gatack.

Thanks to the counter doping, a 100mV Vth decressgpically

obtained per 5E12 at/cm2 implanted species on ¢wagnel as well
as short channel MOSFET, without significant degtesh of the
performance and the electrostatic behavior.

INTRODUCTION
With CMOS scaling down, thin film devices become enand more
attractive because of their excellent short chancmbtrol [1].
Moreover, integrated with a single midgap metakgatch as TiN)
on a high-k dielectrics, undoped FDSOI devices gnesa long
channel V;, around+0.45V for n and pMOS [3]. For these two
reasons, they are of great interest for ultra-lower applications.
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Vy, lowering). The same behaviour is observed forght©S. The
DIBL is around 120mV for the intrinsic PMOS devicasd goes up
to 150mV for 5 187 implanted dose (corresponding to a 100my V
lowering). This degradation seems however acceptéld some
applications, in RF devices, for example.

The subthreshold swings of short nMOSFETSs are agtatled with
the counter-doping (Fig.5). In particular, excellemalues of
80mV/decade are always measured on short nMOS eafgvic
whatever the counter-doping conditions. For pMOSviadss,
90mV/decade is measured for doped channels, white\V8decade
is measured on intrinsic ones.

lon(loep) data for n and pMOS transistors are shown on. F6§3,
respectively. As, expected, the counter-dopingeiases the leakage
current in long channel devices because of theslimd voltage
lowering. This \t shift is the main reason for the different shape o
the bn-lore With different channel dopant concentrations. Tisis

However, a smaller \ is required for analog or RF applications. Inclearer when you compare the performance at a gjete length
order to achieve such aygV(around 0.2-0.3V), a counter doping (Iorg shift rather than any), shift evidenced in Figs 6&7). Only a 4%
implantation into the channel region seems to beeffective and |oy degradation (per 5E12 at/cm2 implanted specieghefdrive
attractive technique. In this work, we thus disthes advantages and current trade-off is observed at a givgagE100nA/um. Note that in
drawbacks of accumulation mode FDSOI MOSFETs imseof this comparison at a giverd: is not easy to interpret because, in
process integration, {ytuning, logic and analog performances andhis case, the effective electric field and theedanhgth are not the

variability.

PROCESS DESCRIPTION
Standard SOI substrates (with 145nm buried oxideetbeen used
for this analysis. The top silicon thickness hasrbthinned down to
Ts=10nm using sacrificial oxidations. After activeearpatterning
and etching (MESA isolation), Arsenic and Bfplantations have
been used to dope the channel of the n and pMO%istars,
respectively (see figs 1a &1b). The implantatiomsditions have
been defined by process and electrical simulatfses Fig. 1).
The gate stack has then been deposited (3nm ALD, HfQOnm
PVD TiN + 50nm n+ doped poly-silicon). After thetgaetching, a
10nm thick nitride spacer has been fabricated gherHfQ, etch. A
2-step selective epitaxy process has been doneler to reduce the
access resistance [3]. NiSi has then been usethwfd by a
standard BEOL process. Fig. 2 shows a TEM imaghetievice.

ELECTRICAL RESULTS ANDDISCUSSION
Fig. 3 presents the threshold voltage roll-offvasrat \bp=1V for n
and pMOS and for the various counter-doping cooa#i A \f,
reduction for long as well as for short channeladkieved thanks to
the counter doping. Note that the variation of shi@d voltage is
kept quasi independently of the gate length. Figcohfirms it,

same in the doped and undoped channel.

In order to get more data about the electron oe rainsport in these
devices, the maximum of transconductancg {6) at VD=50mV
for short channel MOS (fig 10) and the mobility fong channel
MOS, were measured [4] (Figs. 8&9). The mobilitydegraded with
the counter-doping dose especially at low inversibarge and for
nMOS, as expected by Coulomb scatterings. This ésafrihe main
advantage of undoped channel FDSOI MOSFETS.

ANALOG PERFORMANCE
Concerning the analog applications, the main MO%op®ances are
driven by the G/Ggys gain. The operating point for these circuits are
often around a gate overdrive of-V;=0.2V and a drain current
V4=Vad2. Fig. 11 shows the comparison of the analog GRitGys
for the short devices (for n and pMOS) between pedoand doped
channel. Very good analog gains are obtained wittoped devices,
which are at least 12% higher on nMOS and 25% o®gMhat the
performance obtained with implanted channels.
Finally, the \, mismatches of our devices are also addressed
(Fig.12). As expected, the yVfluctuations increase for FDSOI
devices with doped channel, clearly demonstratihg topant
impurities impact on variability. More precisely,is found that an
implanted dose of 5 1®at/cnf (As or BR) is enough to induce a

summarising this Y variation of the threshold voltage obtained for50% increase of they/fluctuations for both nMOS and pMOS. This

different implanted doses. For both n and pMOSERBRTHOOMV \,
decrease is obtained per 53@t/cnf implanted species in the
channel. This demonstrates the efficiency of thanadel doping,
even on FDSOI devices, in order to tune the thigshatage.

The classical drawback of the counter-doping isdbgradation of
the electrostatic control. However, there are femo?( XXX)
experimental data of the influence of the countgridg on 10nm
thin FDSOI MOSFETs. Fig. 5 shows the DIBL evolutias a
function of the implanted dose. The DIBL is slightlggraded in the
accumulation-mode regime. For intrinsic nMOS devicat the
nominal gate length (35nm), the DIBL is around 100am\d goes up

is the main detrimental aspect of using counterifdpgmplants to
tune the \, in FDSOI MOSFETSs.

CONCLUSION

In this paper, we demonstrate the tuning of thestold voltage in
thin FDSOI transistors with a high-k and single ahgfate. A 1&°

at/cnt counter-doping implantations in 10nm silicon tiiieks is
efficient to induce a 200mV  lowering without significant
degradation of the electrostatics. This demongtratieat Vth
modulation by counterdoping could be a solution rfarltiple Vth

integration on ultra-thin FDSOI technology.

to 120mV for 18° cm? implanted dose (corresponding to a -200mV
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Figure. 1: MOS structures in accumulation Figure. 2:. TEM cross section of a 30nm longrigure. 3: Short channel effects forn & p
mode and summary of the different conditionEDSOI transistor.
used for the channel counter-doping
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Fig. 4: Short and long MOS Vth shift as a
function of the implanted dose (n&pMOS)
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Fig. 5: DIBL and Subthreshold swing of Shofig. 6: lon-loff trade-off for nMOS devices
MOS devices as a function of the implanted at VDD=1V.
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Fig. 10: Maximum of transconductance at

implanted dose.
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