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We in ves ti gate the struc ture change of semi con duct ing car bon nanotubes un der an ex ter nal elec tric field
with den sity func tional the ory. It is shown that the shape of the nanotube re mains cy lin dri cal and the length of
the nanotube is also the same, even un der a strong elec tric field. The only change ob served is the di am e ter of
the nanotube. It in creases along with the in crease of the ap plied elec tric field.
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Since the dis cov ery of car bon nanotubes in 1991,1 in -
tense re search in ter est has been fo cused on their re mark able
prop er ties, such as high me chan i cal stiff ness and strength.2 A
sin gle-walled car bon nanotube (SWNT) can be me tal lic,
semi con duct ing or semimetallic, de pend ing on its chirality.3

Uti li za tion of these prop er ties has led to sev eral im por tant ap -
pli ca tions such as scan ning probes,4,5 elec tron field emis sion
sources,6 and nanoelectronic de vices.7-9 One of the most im -
por tant find ings of SWNT re search is that the cur rent in semi -
con duct ing sin gle-walled car bon nanotubes (s-SWNTs) can
be switched by an ex ter nal elec tric field, which al lows these
s-SWNTs to be used as a chan nel of field-effect tran sis tors
(FETs).7 Sev eral groups have dem on strated such func tional
FETs suc cess fully7-11 and en cour aged cal cu la tions of their
elec tronic struc tures such as en ergy bands, den sity of states,
etc., which have been ac com plished, and now an ex ten sive
lit er a ture ex ists.12 The elec tronic struc tures of these s-SWNTs
un der an ex ter nal elec tric field have been also cal cu lated the -
o ret i cally.13-15 So far, the pre vi ous the o ret i cal stud ies fo cus
on elec tronic struc ture change of the s-SWNTs un der an ex -
ter nal elec tric field. How ever, their atomic dis place ments
gen er ated by the elec tric field ef fect will def i nitely in flu -
ences their elec tronic struc tures. The ques tion then arises of
what the mag ni tude of these atomic dis place ments will be
when the switch ing volt age is ap plied. Here, we em ploy ab
in itio quan tum cal cu la tions to model s-SWNT and ad dress

some of these is sues.
In this study, we con sid ered a sin gle-wall (10,0) nano -

tube, mod eled by 8 lay ers of car bon rings (80 car bon at oms)
along the tube axis with a pe ri od i cal bound ary con di tion. In
or der to fa cil i tate the com pu ta tion, we place the zig zag (10,0) 
nanotube in the cen ter of a rect an gu lar unit cell with the tube
axis along the c axis. The cell di men sions are a = b = 20 Å and 
c = 8.2579 Å. Den sity func tional the ory cal cu la tions were
per formed with CASTEP 4.2 code.16,17 Ex cept where ex plic -
itly men tioned, the typ i cal cal cu la tion set ting is as fol lows.
The cal cu la tions were done with ge om e try op ti mi za tion in a
gen er al ized gra di ent ap prox i ma tion (GGA)18,19 in an IBM
P690 with 32 CPUs. A con stant ex ter nal elec tric field is ap -
plied to the tube from the di rec tion of the a axis. All the el e -
ments of the unit cell are mov able ex cept the shape of the cell
and the length of a and b axes. The fast-fourier-transform
(FFT) grid is set to be 90  90  36 and we ex pand the va lence
elec tronic wavefunctions in plane waves up to 240 eV cut-
 off. The nu clei and core elec trons are rep re sented by ultrasoft
pseudopotentials. Be sides the va lence bands, we have added
12 ex tra bands to rep re sent the con duc tion bands. In or der to
sim u late the s-SWNT un der an ex ter nal elec tric field, we add
an elec tric po ten tial to the unit cell in the Hamiltonian. The
mag ni tude of the po ten tial lin early de creases from the 10 Å
of a axis to -10 Å so that the nanotube in the cen ter feels the
con stant elec tric field with pre set volt age from the di rec tion
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of the a axis only.
We per formed ge om e try op ti mi za tion cal cu la tion on a

zig zag (10,0) nanotube with an ex ter nal elec tric field rang ing
from 0 to 25 volts. The re sults are sum ma rized in Ta ble 1.
From Ta ble 1, it can be un der stood that the band gap is
switched off when the ex ter nal elec tric field is some where
be tween 10 to 15 V in our cal cu la tion. Be fore the band gap is
di min ished, the gap re mains con stant at about 0.4 eV. This
value is dif fer ent from the re sult found in Ref er ence 13; the
band gap of the un per turbed (10,0) nanotube is re ported as
0.8 eV. The band struc tures of the tube un per turbed and un der 
ex ter nal elec tric field with 15 V are shown in Fig. 1 for com -
par i son. In ter est ing phe nom ena are ob served dur ing the pro -
cess of cal cu la tions. Un like in tu itive pre dic tion, there is no
ob vi ous dis tor tion in the shape of the nanotube and it re mains
cy lin dri cal even though we ap plied the elec tric field only
from the a axis (see Fig. 2 for de tail). The length of the c axis
also re mains the same as that in the un per turbed one, but there 
is a slight change in the di am e ter of the nanotube when the
elec tric field is ap plied. We found that the di am e ter of the
tube in creases as the elec tric field is ap plied, and the mag ni -
tude of the di am e ter in crease be comes larger as the elec tric
field in creases.

In con clu sion, we have dem on strated suc cess fully us -
ing the DFT method, in par tic u lar the first time in CASTEP
code, to study the op ti mal struc ture of a zig zag (10,0) nano -
tube un der an ex ter nal elec tric field. The re sults show that the 
shape of the nanotube re mains cy lin dri cal and the length of
the nanotube also re mains the same un der the ex ter nal elec -
tric field. The only change ob served is the di am e ter of the
nanotube. It in creases along with the in crease of the ap plied
elec tric field. The ap plied elec tric gra di ent in this re port is in -
deed too large to be re al ized in a lab o ra tory. With avail able
tech nol ogy, the elec tric field, at most, reaches above. 1.7
MV/cm.10 Re cently IBM de vel oped p-type and n-type car -
bon-nanotube field-effect tran sis tors, wherein the gate and
nanotubes were sep a rated by about 150 nanometers, which
are com pa ra ble to tra di tional sil i con di ox ide of field-effect

tran sis tors.11 Now there is a lot of ef fort de voted to shrink ing
the gate ox ide of car bon-nanotube field-effect tran sis tors to 2
nm, and the elec tric gra di ent of mag ni tude used in our cal cu -
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Table 1. The Band Gap and the Diameter of the Zigzag (10,0) Nanotube under Various
External Electric Fields

External field (V) Gap (eV) Diameter (Å) *Change in diameter (Å)

0 0.4 7.926 0
5 0.4 7.936 0.010
10 0.4 7.966 0.040
15 0 8.108 0.182
25 0 8.246 0.320

* The fourth column is generated by subtracting the diameter under the external electric field
from the unperturbed diameter.

Fig. 1. The band struc tures of a zig zag (10,0) nano -
tube. (a) The band struc ture of the nanotube un -
der elec tric field with 15 V. The zero of band
en ergy in di cates the fermi level. (b) The un per -
turbed band struc ture.



la tions will be re al ized. Cur rently we are study ing the pos si -
bil ity of sim i lar struc ture re lax ation caused by the elec -
tron-emission un der a strong field, and the re sults will be
pub lished in a sep a rate re port.

Re ceived Jan u ary 2, 2003.
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Fig. 2. The shape of the a zig zag (10,0) nanotube un der 
15 V ex ter nal elec tric field. It is viewed along
the nanotube axis.


