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absorption becomes more effective and the lh mobility is

reduced, as displayed in Fig. 4(b). Such effect is present for

NWs with different widths and strains.

Fig. 4(c) shows the relative lh mobility fluctuation,

Dllh=llh½70 K�, where Dllh ¼ ðllh½70 K� �llh½300 K�Þ, as a

function of the NW width for different values of strain. For

lh, the mobility at low temperatures is high (Fig. 4(b)).

Moreover, one may observe a drastic drop in mobility at

high temperature depending on the NW width and strain. For

a system without strain, a large but monotonic drop in the

mobility is achieved for NWs with width larger than 100 Å.

In real systems, however, free standing NWs grow with

built-in strain,6 which has a direct impact on the dependence

of l on temperature and width. As the strain increases, the

lh-hh subband reversal is possible depending on the NW

width, thereby resulting in a highly sensitive mobility on

temperature and/or width. For example, for ejj ¼ 0:9%,6 and

for width values close to 50 Å, the mobility exhibits a sharp

change as a function of the temperature.

In summary, the hole mobility in InP semiconductor

NWs can be tuned by the NW size, strain field modulation,

and temperature conditions. The MD with realistic force

potentials allowed the characterization of the LO-phonon

energy renormalization due to the reduced dimensionality

and variations of the phonon lifetimes with temperature.

These features are essential ingredients for the characteriza-

tion of carrier mobility. The fact that the ground state can

switch character between hh and lh with strain and/or size is

also highlighted. In addition, steep variation of the mobility

can be attained when the energy separation between the two

valence subbands equals the LO-phonon energy. These con-

ditions can be tuned by size or strain fields and are also

affected by temperature, and should be taken into careful

consideration when designing possible NW-based devices.

The extension of these results to other III-V NWs with zinc-

blende structure is straightforward, leading to analogous

qualitative behavior. Yet, for instance, InAs NWs would

present higher lh-mobility due to the relatively lower mass

(mlh � 0:027) if compared to InP (mlh � 0:12) NWs.

The authors acknowledge the support of CAPES,

CNPQ, and FAPESP (Brazil), and NSF MWM/CIAM (US).

1H. A. Nilsson, C. Thelander, L. E. Froberg, J. B. Wagner, and L. Samuelson,

Appl. Phys. Lett. 89, 163101 (2006).

2X. Duan, Y. Huanh, R. Agarwal, and C. M. Lieber, Nature 421, 241 245

(2003).
3G. R. Gray, Semiconductor Laser: Past, Present, and Future (American

Intitute of Physics, New York, 1995).
4M. S. Gudiksen and C. M. Lieber, J. Am. Chem. Soc. 122, 8801 8802

(2000).
5M. T. Bjork, B. J. Ohlsson, A. I. Persson, C. Thelander, M. H. Magnusson,

K. Deppert, L. R. Wallenberg, and L. Samuelson, Nano Lett. 2, 87 (2002).
6V. Lopez Richard, J. C. Gonzalez, F. M. Matinaga, C. Trallero Giner,

E. Ribeiro, M. Rebello Sousa Dias, L. Villegas Lelovsky, and G. E. Mar

ques, Nano Lett. 9, 3129 (2009).
7L. Villegas Lelovsky, C. Trallero Giner, M. Rebello Sousa Dias,

V. Lopez Richard, and G. E. Marques, Phys. Rev. B 79, 155306 (2009).
8D. Huang and G. Gumbs, J. Appl. Phys. 107, 103710 (2010).
9T. Fang, A. Konar, H. Xing, and D. Jena, Phys. Rev. B 78, 205403 (2008).

10M. Tsetseri and G. P. Triberis, Phys. Rev. B 69, 075313 (2004).
11F. Murphy Armando, G. Fagas, and J. C. Greer, Nano Lett. 10, 869 873

(2010).
12M. Rebello Sousa Dias, “Estudo de efeitos qunticos nas propriedades

eletrnicas de nanofios semicondutores,” Master’s thesis (Departamento de

F�ısica, Universidade Federal de Sao Carlos, 2010).
13A. I. Hochbaum and P. Yang, Chem. Rev. 110, 527 546 (2010).
14A. M. Katzenmeyer, F. Leonard, A. A. Talin, M. E. Toimil Molares, J. G.

Cederberg, J. Y. Huang, and J. L. Lensch Falk, IEEE Trans. Nanotechnol.

10, 92 (2011).
15H. Pettersson, I. Zubritskaya, N. T. Nghia, J. Wallentin, M. T. Borgstrom,

K. Storm, L. Landin, P. Wickert, F. Capasso, and L. Samuelson, Nanotech

nology 23, 135201 (2012).
16M. Heurlin, P. Wickert, S. Falt, M. T. Borgstrom, K. Deppert, L. Samuel

son, and M. H. Magnusson, Nano Lett. 11, 2028 (2011).
17C. J. Novotny, E. T. Yu, and P. K. L. Yu, Nano Lett. 8, 775 (2008).
18V. Lopez, G. E. Marques, J. Drake, and C. Trallero Giner, Phys. Rev. B

56, 15691 (1997).
19G. G. Mahan, Many Particle Physics, 3rd ed. (Kluwer, New York, 2000).
20V. Lopez Richard, G. E. Marques, C. Trallero Giner, and J. Drake, Phys.

Rev. B 58, 16136 (1998).
21P. Y. Yu and M. Cardona, Fundamentals of Semiconductors (Springer,

Berlin, 1996).
22P. S. Branicio, J. P. Rino, G. C. Kwan, and H. Tsuzuk, J. Phys.: Cond.

Matter 21, 095002 (2009).
23H. Tsuzuki, C. D. Ferreira, M. Rebello Sousa Dias, L. K. Castelano, V.

Lopez Richard, J. P. Rino, and G. E. Marques, ACS Nano 5, 5519 (2011).
24J. P. Rino, Y. M. M. Hornos, G. A. Antonio, I. Ebbsjo, R. K. Kalia, and

P. Vashishta, J. Chem. Phys. 89, 7542 (1988).
25P. H. Borcherds, G. F. Alfrey, A. D. B. Woods, and D. H. Saunderson,

J. Phys. C 8, 2022 2030 (1975).
26H. Bilz and W. Kress, Phonon Dispersion Relations in Insulators, Springer

Series in Solid State Sciences Vol. 10 (Springer Verlag, 1979).
27J. M. Luttinger, Phys. Rev. 102, 1030 (1956).
28F. H. Pollak and M. Cardona, Phys. Rev. 172, 816 (1968).
29Landolt Bornstein Comprehensive Index, edited by O. Madelung and

W. Martienssen (Springer, Berlin, 1996).
30D. D. Nolte, W. Walukiewicz, and E. E. Haller, Phys. Rev. Lett. 59, 501

(1987).
31A. Cantarero, C. Trallero Ginger, and M. Cardona, Phys. Rev. B 39, 8388

(1989).

182104-4 Rebello Sousa Dias et al. Appl. Phys. Lett. 101, 182104 (2012)


	University of Richmond
	UR Scholarship Repository
	11-2012

	"Tuning hole mobility in InP nanowires"
	Mariama Rebello Sousa Dias
	A. Picinin
	V. Lopez-Richard
	S. E. Ulloa
	L. K. Castelano
	See next page for additional authors
	Recommended Citation
	Authors


	tmp.1521049975.pdf.a1FaN

