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Study on processes to modify P-type
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Abstract

In this study, in order to utilize the electrical characteristic of a
single CNT in the macroscopic environment, the suspension of CNTs
was filtrated and it was made as a sheet-like bulk material, called
buckypaper (BP). In the experiment, in order to change the carrier type of
buckypaper from P-type to N-type, buckypaper were respectively sprayed
with phosphoric acid solution or PSG ( phosphosilicate glass) Solution,
and then the use of high-temperature diffusion or plasma-assisted carrier
implanted, this two process modification methods were performed.

The first method is the traditional way of thermal diffusion for
material modification. In the annealing, we have additionally designed
spin-coating PSG solution experiments to discussion the electrical variety

of BP due to the doping concentration. The sample of spin-coating PSG
solution was annealing at 400°C for 2 hours in a vacuum of 5 X
10~>torr, then Hall effect measurement confirms that the carrier type of
doped sample surface has changed to N-type, while the other undoped
side is maintained at the P-type, in the such annealing condition. And the
carrier concentration increases with-the-increase in the layer number of
coating. The carrier mobility, also meet the effective mass of the electron

is small so p,> p,. In addition, the sample were sprayed with doping

solution in a vacuum of 5 x 10> torr of a quartz tube, then annealing

at 400°C ~ 500°Cand 600°C, but the sample carrier type was found to be
maintained at the P-type. As a contrast, the samples were annealing in a

vacuum of 5 x 10~>torr and 400°C . Only the sample sprayed with the
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phosphoric acid solution carrier type was changed to N-type. Based on
the above, it can be found that the annealing can diffuse phosphorus into
the carbon nanotubes, and the temperature of the carrier type change is
closely related to the vacuum degree. Among them, the phosphoric acid
solution is more likely to diffuse phosphorus. For the PSG solution to
produce phosphorus diffusion, a high concentration of doping is required.

The second modification process is plasma-assisted carrier
implantation. The buckypaper sprayed with dopant solution are modified
with argon ions at the different plasma power and times. It was found that
the carrier type of the buckypaper can be changed to N-type as long as
sufficient plasma power and processing time. Samilar to the annealing
experiment, it is easier to change the carrier type of the sample doped
with the phosphoric acid solution than to use the PSG solution. However,
after a long period of time in the atmosphere, the carrier type will
gradually return to the P-type. It shows that plasma modification can’t
make phosphorus and carbon nanotubes to form a bond, and cannot
permanently change the carrier type as a purpose.

From all experimental samples, the carrier mobility was low because
the structure of the carbon nanotube paper was not in long-range order.
The carrier must move across the potential energy barrier between the
carbon nanotubes. Moreoven carbon nanotube paper is also easy to
oxidation and pollute by atmospheric impurities, affecting the electrical
properties of the buckypaper. However, if the quality and arrangement of
carbon nanotubes can be effectively controlled, buckypaper is more likely

to be used as a component.
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Carbon: n=2 has 4 electrons
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IN VACUUM
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# 2- 1L SWNT & MWNT 111OWET%£;T§F1’J]%¥’ A s EEFT

C~O-N B3 #ct eh7 | [13]

SWNT MWNT
C O N C O N
Elemental composition (atom%o)
Untreated 94.4 51 0.5 97.5 2.5 -
N, 10s 92.1 7.4 0.5 96.3 3.4 0.3
N, 10min 83.8 15.7 1.5 84.5 13.2 2.5
N,/O, 10s 84.7 15.0 0.3 92.2 7.8 -
N,/O,10min 76.1 22.7 0.4 87.6 12.4 -
0,10s 82.5 16.7 0.8 93.2 6.8 -
0, 10min 74.2 25.4 0.4 86.8 13.2 -

# 2- 2MWCNT 7 % & 100W S 7 jﬁl’f’ ¥

¥ & & 10Pa R AT

FEA»PFERFEES DRt By 2§ 3 F[14]

ssp2 (V. %) graphite .\'p" (eV, %) contamination  C=0 (eV, %) COO eV, %)  [0], %
MWCNT-pristine 2839, 68.5 847,238 289.0, 7.6 1.6
MWCNT film: 1 min 2839, 62.6 2848, 139 2863, 167 2899, 6.8 9.1
MWCNT film: 2 min 283.9,61.9 284.7,99 286.2, 21.8 2905, 6.2 113
MWCNT film: 3 min 2839, 624 2846, 6.8 286.1, 254 290.1, 5.2 115
MWCNT film: 4 min 2839, 63.2 284845 286.1, 278 2899, 43 135
MWCNT film: 5 min 283.9,59.9 284.7,50 286.1, 309 289.7, 4.1 16.6
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1E+16
1E+15 - = - - - & > &
3%- IF | 6% IF | 9% IF | 3%- # | 6% & [ 9% B
i i i T i i
|lrﬂ1/cm3)'1918E+16 1.887E+19|1.019E+18|7.943E+17| 2.82E+19 (9.137E+18

(b) Mobility
1.00E+04
1.00E+03
p—
?
Na 1.00E+02
£
S
= 1.00E+01
3k | 6% | 9% | 3% | ek | 9%
THE | TR | FE | SE | SE | SE
|I|Acm2/V$) 1.08E+03 | 4.18E+00 | 8.22E+01 | 1.09E+02 | 2.99E+00 | 9.76E+00

Wa-272FEGEAT@FFER D)+ B85

32



IR 4-2() 7 7 045 1 G 6 =t PSG R R etk & 0 A Ak

N-type & & & _P-type & - % 7 &% £+ k& 5 Bl 4-2(b)% F 6 =x ek

i

R 3 fr 9 P BB FPRFIBREA LSS TE A
=it 3 R F P F BB S A B F 3TILE 6 R A

R R Ty A

)’

4.1.2 % iw * B & PSG % %tk &2 SEM % EDS % 47

-0 %A e AR PSG BRI VE » H#E K AE K

i

-

BE AP SEMBEE Falg K& e i > ¥ L EDS = 4 4 47
7 f# PSG i iR dB R Ak .

HE R 4-3~ Bl 4-4~ B 4-5 hSEM % & » {5 ¢ ¥ 145§ 4 3] PSG

\

B E AN ERAG VP IERETNE EBT S A KA T3
T b PrNE I RS AERRER T G RS- A aE

B3 % & B3 FH T EPRRMAY AR F6E 9%

S
\qu\
prl
=&
¥
s
&
X
3
Q-
2
o~
G
-
(5
2-—-
Rd
W
[
A
&
)
X
3\
0
%_'!i
>

L BT A A E AP o A e E K E K2 PSG iR

2= 4] A - 4 22 5] L B V) 5y o4 o Al A - £
FRE VR ZFMFASHRFEFNRANREARALR L T o3



v 77

i
gm
An
ﬂd\
N
|
2
[relg
&
ki
e
i
T
&
hf
=N
IR
lal)
%
a9~
[}
3
%
a~
[}
=

FOUR PG K RE NG BRI 4Rl 46
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Spectrum 17
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