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Fig.1 Longitudinal and cross sections of nanotube

n=1- 1—2:*‘. 7)
0

Note that the non-equality

14
7C< 1
r n,

_2n,

(8)

should be taken into account. That means rather
high level of changes in the concentration of
electrons in depletion layer A is necessary.

For the p-type NT nA/nO will be changed on

D4 / P, - Both versions (n-type and p-type) are
promising for the manufacture of gas sensors.

Back-gate CNFET

The physical structure of back-gate transistor is
shown in Fig. 2. This model based on the
compact Spice model of CNFET [1], with some

simplifications and modifications.

SiO,

Fig.2 The physical structure of back-get CNFET

The equivalent circuit model is shown in Fig. 3.
We consider the current (Isemi) between source
(S) and drain (D) as [1]:
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Gate Drain

=

Isemi

Source

Fig.3 The equivalent circuit model of back-gate
CNFET

Isemi (VDS ’ VGS ) =

22::1 Z[L:] (TLR Jm,l (07 A(D B ) |+k (9)
- TLRJm,l (VDS > ACDB ) |—k ),

where Vps and Vgs are potential differences,
Tr and Tr. are transmission probabilities [1],

Jm; is the current density[1]. AD, is the

channel surface-potential change in response to
the changes in the gate and source/drain bias.

In order to calculate AD,, we solve charge
conservation equations [1]

Qcap = QCNT >

QCNT =
1

de <M L
I Zmzlzzzo | 4 o Ena=20s) /AT
g

1
+ 1 4+ @ EnimALs+eVng) /T >

C, AD,

e

Qcap = Cox VGS - (10)
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Gas sensor made of carbon nanotubes

In order to implement the final model of gas
sensor made of CNT, we combine models of
nanotube and back-gate CNFET. From (4) and

©)

. I .
S=-Ef=_.="sm (11)

Therefore, the current (/) for given charge

concentration ratio and gate, source, drain bias
will be

Isemi
I, :?. (12)

Results and Discussion
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Fig.4 Sensitivity vs radiuses ratio
Fig.4 shows the sensitivity of nanotube due to
inner and outer radiuses ratio change (
n,/n, =0.1). The maximum resistive change

of nanotube due to gas medium is about 5.7%
for this case.
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Fig.5 Sentivity vs charge densities ratio
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Fig.5 shows the sensitivity of nanotube due to
charge densities ratio change (r./r=0.9).

The maximum resistive change of nanotube due
to gas medium is about 5.8% for this case.

100 ! ! ! |

Iy (LA)

40 i

20 I

Fig.6 The change of |-V characteristic of gas sensor
due to gas medium

Fig.6 shows the |-V characteristic change of gas
sensor made of back-gate CNFET due to gas
medium.

Conclusion

We present a mathematical model of gas sensor
made of back-gate CNFET. In order to
implement this model we carried out two
models: nanotube model and back-gate CNFET.
The resistive sensitivity of nanotube due to
charge concentration change and physical
structure of nanotube was considered. The
change of |-V characteristic of gas sensors due
to gas medium was considered. In result, we get
a change of resistive sensitivity till 30%, which is
appropriate for gas sensors.
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