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We have succeeded in gcffing ttre clear Coulomb diamond characteristics of the single elocton transistor

(SET) at room.temperature. In order to obtain a clear Coulomb diamond chaxaeteristic at room tempe,lature,

ths toal capacitance ofthe SET should be less ttxan ^O.saF. For tlre reduction of the size of ttre SEI and the

achievement of such a small capacitance, we have alrcady proposed to use the single watl carton nanohfte

atomic force microscopy (AIil/D cantilever. Furthermore, we suggest lrear anotlrer two techrplory t0 reduce

the toul capacitance of the SE'[ one is tlre altemation of ttre material of the subsnate and t]re ottpr is the

annealing process. The zubstnate of the SET with the lower dielesfiic constant material can reduce ttre total

capaciance of the SET. Figure I shows the depen&nce of the total capacitance on the dielectric conshnt of
the subsraF calculated by the ttneedimensional simulation From this simulation, it becomes clear that the

total capacitance with the quaru (SlA) srftstrafe is 1.5 times snraller than the AlzOg substrate. Horvever, tIre

conventional quartz zukate is not zuihble forfte AFM nano-oxidation process, because ofthe high rougllress

of lnm with the polishing scars. We have succeeded in ohaining tre atomically flat quara subsrarc by

dissolving it in the SU/oFIF soldion for 2 - 3hours. The step herght is 0.38nm and flre width ofthe terrace is

as large as 360nm as shown in Fig. 2. The roughness of the terrace is abotrt less than 0.2nrn The frbricated

SET is heat-fieated atl20 - 190 degrees Centigrade by the hot plate in air This process can findrer reduce the

island volune by the uniform oxidization ofthe Ti film from the surhre close to tlre air.

The frbricated SET had one island beh^rem two tunnel junctions made by the TiOx barrier, and tlre gate

elecn'ode was formed on the backsids of ttre Al2O3 substrafe. The drain cunent versus drain bias

characteristics at 7I( and room tempenatwe strowod the Coulomb blockade about 2.0V atTY\and 0.3V at room

tempe,ratrc, respectively, as slrown in Fig 3. Figure 4 strornn the Cnulomb diamond charac'teristic ofthe SET

measurd d room terpe,rature. The gate bias was applied from -3V to 3V and the drain bias was changed

from *0.45V to +0.45V The three C-oulomb diamord $rustures were obsened Tlre contow gaph of the

Coulomb diamond charactsristic was slrown in Fig. 5. The Coulomb blockads arsr was changd periodically

with inueasing the pte bias. From the Coulomb diamond characteristic at room temperahre, the ratio ofthe
each tururcl ju:ction capacitance uas obtained thatclcz: 0.52, The period of ttre dmin cunufi oscillation

was 2.5V Therefore, tlrc gate capacitance was fourded t0 be Cg : 0.064a4, and ttre tunnel junction

capaciunces calqlated by tlre ortlrodox theory were that Cr :0.16aF, and Cz:0.309aF, The catculated

C;oulomb energy, &tZC, wtrere CB was the tobl capacitance ofthe SET was as high as 240me{ uilrich was 9

times higlrst tttan the room temperafire ttrcrmat energy of 26meV The contow graph of the Coulomb

diamond charac.teristic calculated by the orthodox theory using the parameten obtained from tre experimental

rezult was shown in Fig. 6. The calculated result well simulated the experimental results.

The clear Coulomb diamond clraracterice was obtained even at room ternperature in our SEI because

ofttre small capacitance oftlre order of 10{b auained by ttre variou newtechnologies.
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Dielectric Constant of Substrate

Fig. 1, Dependence of total capacitance of SET
on dielectric constant of substrate.
Total capacitance of SET with SiO2 substrate

was found to be about half of that of AlrO, substrate.
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Fig. 3, Drain current versus drain bias characteristic
atTK and room temperature. Coulomb blockade was
2.0V atTK and 0.3V at room temperature.
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Fig.2, AFM image of atomisally flat quartz(SiOz)
substrate. Clear step lines was observed.
Width of terrace was as big as 360nm and roughness
was about 0.2nm high. v
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Fig. 4, Three-dime,nsinal Coulomb diamond characteristic

of fabricated SET at room teriperature.

Three Coulomb diamonds were obtained at Vo:-3V ^' *3V
and Vo=-0.45V ^' +0.45V.
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Fig. 5, Contourplot of Coulomb diamond atroom temperature.

From slope of Coulomb diamond, tunnel junction capacitance

C, was found to be about half of C,

0

0.45

^ 0.25

.E o.oo
c
tr'6 -0.2s

-0.50

{. t60.00

200

1s0

100

ra 50
Ei
E)EO
c)

F -so

0.75

-0.75
-4-3-2-101234

Gate Bias (V)

Fig. 6, Contour plot of Coulomb diamond calculated by

orthdox theory. Tunnel junction capacitance of C,:0.16aF,

Cr:0.309aF and Gate capacitance of Co:0.064aF were

used obtained from experimental data of Fig. 5.
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