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1. Introduction

Carbon nanotubes (CNTs) have many attracting prop-

erties for electrical, thermal, and mechanical applications of

the future. Diameter control of CNTs is important for such

applications, since the properties of CNTs are affected by

their diameters. This is especially true for CNT-transistor

applications that require semi-conducting CNTs. It is well

known that the diameter of CNTs depends on that of cata-

lyst particles. Consequently the number ratio of sin-

gle-walled carbon nanotubes (SWNTs) to multi-walled

carbon nanotubes (MWNTs) is expected to increase as the

mean diameter of catalyst particle decreases. Such a rela-

tive abundance of SWNTs brings a high modulated drain

current to CNT-transistors.

In this paper, we report on CNT growth using

size-classified Fe catalyst particles and the characteristics

of transistors using CNTs as a channel. Fabricated

CNT-transistors exhibited that drain current modulation

depends on the size of catalyst particles. In fact, drain cur-

rent modulation with 1.8 nm catalyst particles was drasti-

cally increased compared to that with 2.1 nm particles

2. Experiments

Catalyst particles were generated using the similar

method reported in ref. 1. Figure 1 shows a SEM image of

the Fe catalyst particles for the CNT growth. The substrate

used in this experiment was heavily-doped p+-Si wafer

covered with thermal-oxidized SiO2. This figure indicates

that the particles were dispersed on the substrate. Figures

2(a) and 2(b) show the diameter distributions of

size-classified Fe particles. The geometric mean diameters

of the particles were 1.8 and 2.1 nm, and the geometric

standard deviations were 31 and 34%, respectively.

CNT growth was performed by hot-filament chemical

vapor deposition (CVD). The substrate with the Fe catalyst

particles was brought into a thermal CVD chamber with a

heating stage. A mixture of acetylene and argon gases at

125 Pa was introduced. The growth temperature was 590
oC.[2]

Raman measurements for the grown CNTs were per-

formed at room temperature. Figure 3 shows the Raman

spectra for the G and D bands of the two CNTs samples

grown from the 1.8 and 2.1 nm catalyst particles. The spec-

tra were obtained by 633 nm and 488 nm laser excitation.

The G/D peak ratio, which was about 20, means that the

quality of CNTs is good. The radial breathing mode (RBM)

indicating the existence of SWNTs was confirmed.

Fig. 1 SEM image of Fe particle catalysts which

geometric mean diameter was 1.8 nm
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Fig. 2 Diameter distributions of size classified catalyst par-
ticles with geometric mean diameters of (a) 1.8 nm

and (b) 2.1 nm.

Fig. 3 Raman spectra of the two CNTs samples grown

from 1.8 and 2.1 nm catalyst particles
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3. Results and Discussion

Figure 4 shows illustration of device structure. The de-

vices were fabricated using the conventional processes,

such as photolithography, metal deposition, metal lift-off

and low-pressure CVD. Figure 5(a) and 5(b) show the

typical current-voltage characteristics of the fabricated

CNT transistors with the 1.8 nm catalyst particles. Here the

modulated drain current is defined as Imod as shown in Fig.

5. Figures 6(a) and 6(b) show the modulated drain current,

Imod, of the CNT-transistors with the 1.8 and 2.1 nm catalyst

particles, respectively, as a function of the total drain cur-

rent. In these figures, the points on the diagonal lines cor-

respond to the devices whose drain current was perfectly

modulated by the gate voltage. It is clear that the transistors

with the 1.8 nm catalyst particles have large Imod and many

devices show good pinch-off characteristics. On the other

hand, most of the transistors with the 2.1 nm catalyst parti-

cles have poor pinch-off characteristics. This is probably

because more large-diameter CNTs including MWNTs

showing metallic behavior exist for the devices from the

2.1 nm particles. In fact, it was confirmed by transmission

electron microscopy that the ratio of MWNTs is larger for

the CNTs from the 2.1 nm particles than those from the 1.8

nm particles (not shown).

4. Conclusions

Transistors were fabricated using CNTs as a channel

grown from Fe catalyst particles whose mean diameter

was1.8 or 2.1 nm. The drain current modulation was dras-

tically increased for the transistors with the 1.8 nm particles.

Many devices with the 1.8 nm particles show good

pinch-off characteristics, while most of the devices with the

2.1 nm particles do not. This is probably due to the differ-

ence in CNT diameter reflecting the particle size. Therefore,

it is expected that, by optimizing the catalyst size, most of

transistors will exhibit good pinch-off characteristics,

which is suitable for practical transistor applications such

as RF front-end.

Acknowledgements
The authors thank Dr. Naoki Yokoyama, General Manager of

Nanotechnology Research Center of Fujitsu Laboratories Limited.

References

[1] Y. Awano, S. Sato, D. Kondo, M. Ohfuti, A. Kawabata,

M. Nihei and N. Yokoyama, Phys. Stat. Sol. (a) 203, No.

14, pp. 361 1-3616 (2006)

[2] D. Kondo, S. Sato, Y. Awano, Chem. Phys. Lett., 422,

2006, p. 481

Fig. 6 Modulated drain current of CNT-transistors
with (a) 1.8 nm and (b) 2.1 nm catalyst parti-

cles as a function of the total drain current
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Fig. 4 Schematic device structure of fabricated

CNTs transistors
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Fig. 5 Current-voltage characteristics of the (a)
good pinch-off and (b) poor pinch-off

transistors
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