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1. Introduction

To control the characteristics of nano-devicesit isimportant
to know their quantum-mechanical eectronic sates and struc-
turd parameters.  Threshold voltage (V) is one of the impor-
tant probes to reved the eectronic states.  From Vy, itsdf, we
can estimate the energy leve of ultrathin SOl MOSFETSs [1]
and S-SETs[2]. On the other hand, we can derive the ratio of
effective gate and back-gate capacitances (Cggt and Cgger)

from the dope of the back-gate voltage (Vsc) dependence of V.

Because the ratio is determined not only by structural parame-
ters, such as the gate-oxide (GOX) and the buried-oxide (BOX)
thicknesses (t,, and tiy,), but aso by the wave functions of carri-
esin S regions, we can obtain information about the structural
parameters and positions of carriers from the dope.

In this paper, we report the results of an analysis of the Vgg
dependence of the Vy, of thin SOl MOSFETSs and peek voltage
(Vs defined as the gate voltage (V) giving a drain current
peak) of S SETs. We show that t, and SOI layer thickness
(ty of SOl MOSFETSs can be evaluated precisdy and that the
changein the average position of dectronsin anidand of a SET
can be detected even though theidand sizeis of order of 10 nm.

2. Measured Devicesand AnalysisMethod

The devices measured were n- and p-channe thin SOI
MOSFETs (Channe lengths and widths were 14 um and 30
um, respectively) and n-channel SETs.  All devices are fabri-
cated usng p-S SOl wafers. S SETs were fabricated by
PADOX [3], and device structureisthe same asthat in [2].

The analysis of the measured dependence of the Vy, on
Vg isbased on acaculation in which Vy, is obtained by solving
the coupled Poisson and Schrodinger equations using the fol-
lowing trial function as the ground-gtate function (Considering
only the ground state is enough at low temperatures):

9(2)- Al)sin(z2/t,Jexpl-az/2), o
where z is the distance of an dectron in an SOI layer from the
interface between GOX and SO, o is a variationa parameter
and A(a) isanormalization constant.

3. Resultsand Discussion

Figure 1 shows the measured and caculated Vy, as a func-
tion of Vg for n- and p-channd SOl MOSFETSs at temperature
T of 25 K. The parameters used for cdculation are shown in
the figure, which are consgtent with the experimental ones.
From Fig. 1, we can see that calculated data agree well with the
measured data and that the dopes differ according to the polarity
of Vge. This is because t, increases effectively for postive
Vg since dectrons localize near the interface between SOI and
BOX for n-channd SOl MOSFETs asshownintheinsat. The
amount of the increase of t, is approximately given by (e
leg)Ats, where g, and gsare permiittivities of SO, and Si, and At
is the average distance of dectrons from the interface between
GOX and SOI.  On the other hand, ty,,, increases effectively for
negative Vg by dmost the same amount but hardly has influ-
ence because At<<ty, in thiscase.

Figures 2 and 3 show the caculated Vy, and the dope
dV/dVgg as afunction of Vg with to, and ts as parameters. It
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can be seen that for n-channd (p-channd) SOI MOSFETS to,
can be determined precisaly using the dope in negative (posi-
tive) Vs and that ts can be estimated by that in positive (nega
tive) Vg, Oncetyis determined.

The dope can be well described by the following approxi-
mated equation (Results calculated by this equation are aso
shown in Fig. 3, but they dmost coincide with the origind
ones):

dVin Cga,eit

__ (ts _<ﬂ>)gox +t0xgs (2)
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where <B> is the average distance of eectronsin SOl from the
interface between BOX and SOI caculated using Eq. (1) and
Cap is the capacitance of p-S subdrate.  Equation (2) is
derived assuming that a d-function-like charge sheet exidts at
Z=t+<p>in SOI. Thedopearound Vgg of 0V changeslargely
because p-S substrate changes between inverson and accumu-
lation in this region. Except around Vg of 0V, Cqy iS very
large and the third term in the denominator can be omitted.

Because V pe 0f SETS can be analyzed using amodel based
on the Vy, of a SOl MOSFET [2], we can edtimate <> of elec-
tronsin theidand of a SET from the Sope of dV pea/dV s Using
Eq. (2) by replacing dV/dV g With dV pe/dV ge.

Figure 4 shows V¢ dependence of drain current of SET at
T=25 K with Vg as a parameter. Figure 5 shows Ve as a
function of Vg with peak number N asa parameter.  InFig. 5,
solid lines are linearly fitted using measured data of 20 V-100V,
except N=3. For N=3, the dope of high Vs (solid line)
clearly changes from that of low Vg (dashed line), which
probably indicates that the configuration of eectronsin S idand
changes.

Figure 6 shows dV pe/dVgg asafunction of pesk number N.
The right-side axis is <> calculated using Eq. (2) without Cyp,
and assuming t,=3.5 nm and t=7.5 nm.

It can be clearly seen that the average position of eectrons
in the S idand changes in a few-eélectron regime and tends to
saturate as the number of electronsincreases.
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4. Conclusions

The back-gate voltage dependence of threshold voltage was
andyzed for thin SOl MOSFETs. The dope is found to be
modulated largely not only by the structural parameters but also
by the wave functions of carriers, from which the structural pa-
rameters can be determined precisdly. Moreover, from the
back-gate voltage dependence of peak voltages of SET, the av-
erage podition of dectronsin a S idand is shown to change,
especialy in a few-eectron regime, which opens a new way to
probe the quantum-mechanical dectronic states in the idand of
SETs.
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Eqg. (2) are ds0 shown, but dmost coincide with origind ones using

Eq. ().

-333 -





