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The multiple-gate field-effect trandgors (MUGFET) emerged to
dlow higher scdability to MOSFET devices due to ther better
immunity to short-channd effects (SCE) (1). The triple gate
HNFET hes been studied in depth (1) for the 22 nm technology
node. However, the predominant drift-diffuson trangport
mechanism limits the on-off switch behavior to 60 mV/dec a
ubthreshold regime. When the focusis the reduction of the supply
voltage and consequently the disspated power, which is mandatory
for sub 22 nm nodes the tunnd fidd-effect-trandstors (TFET)
gppear as an dterndive to replace the conventiond MOSFETsdue
to their capability to reech a subthreshold swing smdler then
60mV/dec at room temperature (2). The focus of these sudies has
been the digitd operation. Almost nothing about the andog
behavior has been studied, exceptfor some preliminary smulations
(34). In this work, an experimentd compardtive anayd's between
triple-gate pTFET and triple-gate pHNFET is performed from an
andog point of view, for thefirg time.

Both types of devices (TFET and FInFET) were fabricated in
the same wadfer, usng a horizontd FHNFET technology. Both
devices have the same characterigtics, changing only the source
implantation from p-type (for pRNFET) to ntype (for pTFET).
The fin height is 65nm, the buried oxide thickness is 145nm, the
gate is composed by 5nm TiN covered by a 100nm polysilicon
layer and the gate didectric condsts of 2nm HfO, on a1nm SO..
The andyzed devices have a channd length of 150nm and afin
width of 40 nm and 250nm. Further details can befoundin (5).

Fgure 1 shows the drain current (Ipg) behavior for pTFET and
pFNFET for the same bias conditions Figure 1A shows the Ipg
currents as a function of gete voltage (Vg9 and figure 1B, the Ipg
versus drain voltage (Vpg). From figure 1A it is possble to see thet
the pTFET device presents a low current drive capability when
compared to the HNFET one, and the horizontd shift of the Ipg
curve indicates that for devices with the same characteridics a
higher |V ¢4 is necessary to onset the pTFET conduction. However,
when the I ps curves are andyzed as a function of Vs (figure 1B)
for Vg -1.7V, it is possble to observe that gpparently both
devices reech the “saturation region” (plateau) practicaly for the
same drain voltage. The Ips X Vps curve aso presents a horizontd
shift, where the minimum Ips (for pTFET) does not occur for
Vps=0V, asdready observed in (6). It is caused by the gete current
thet issmall but hasthe same order of magnitude as Ips for thishias
condition (Ips= 3.9 pA).

Theintringc voltage gain (Ay) isan important figure of merit to
characterize the andog performance of devices A was caculated
by Ay =gm/gp, where gm is the transconductance and @ is the
output conductance, both in saturation condition. The gm and gp
are presented in figure 2. Although gm for the pTFET is much
lower than for the pHNFET, the influence of Vg5 on gmiis higher,
reaching dmost 2 orders of magnitude when |V g4 increases from
1.3V to 1.7V, dueto the direct dependence of the tunneling current
a the sourcelchannd junction with gate bias. Focusang on the
output conductance, a higher influence of Vgs on Ips for pTFET
can be dso observed. However, the magnitude of gy, for pTFETSIS
amog 6 orders of magnitude smdler (better) than for pRNFETS.
For Vps=-0.9V it is possble to notice a degradation of gp because
the Ips curvefor thisdrain bias does not reech aplateau.

Asareault, dthough pTFET presents smdler gm, the strong g
improvement obtained for this device reaults in a higher intringc
voltage gain for dl sudied bias conditions as shown infigure 3.

It is know that a better paformance of HNFET dructures is
obtained for narrow devices. However, when the andog behavior

was evauaed for afin width of 40 nm a these bias conditions, as
shown in table 1, the sHf-heating effect (SHE) was obsarved for
pRNFET devices with Vpg1.2V, and the comparison could not
be done Due to tha, the comparison between pTFET and
pHNFET for Wg, = 40nm was only performed for Vps= -0.9V
whichis not the best condition to eva uate the andog parametersfor
pPTFETs. Even when the pTFET devices don’t suffer from SHE,
pTFETs il present an Ay increese of 77% for Ves= -1.7V ad
485%for Ves=-1.3V.
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Figure 1. Drain current for pTFET and pFnFET devicesas a
function of gate bias (A) and drain bias (B).
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Figure 2: Transconductance and output conductance for pTFET
and pFinFET varying the gate and drain bias.
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Figure 3: Intrinsic Voltage gain for different gate and drain
bias for both device types (TFET and FinFET).

Tablel: Ay (dB) for Wg, = 40nm and L=250nm.

pTFET pRNFET
Vps (V) Ves=-13V | Ves=-17V | Ves=-13V | Ve=-1.7V
-09 55.16 18.73 31.13 1261
-12 6391 38.98 * *
-15 80.88 80.H4 * *
* Self-Heating Effect (SHE).
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