07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

=ss MENU SIGNIN/REGISTER & Q

APL Energy e

Open, quality research for the eﬁérgy communities

¢ s I P Journal of Applied Physics

HOME BROWSE MORE ¥

Home > Journal of Applied Physics > Volume 117, Issue 12 > 10.1063/1.4915944

‘ C:.k? < PREV NEXT >

a No Access

Submitted: 18 December 2014
Accepted: 11 March 2015
Published Online: 24 March 2015

Dimensional effects on the
tunneling conductivity of gold-
implanted nanocomposite films

Journal of Applied Physics 117, 125302 (2015); https://doi.org/10.1063/1.4915944
C. Grimaldi', M. Cattaniz, and M. C. Salvadori®

View Affiliations

View Contributors

X B

&

https://aip.scitation.org/doi/10.1063/1.4915944 1/8

b ]
O
y?
A


https://images.scitation.org/redirect.spark?MID=176720&plid=1743533&setID=372137&channelID=18005&CID=637357&banID=520628004&PID=0&textadID=0&tc=1&adSize=728x90&mt=1649370114076495&sw=1067&sh=600&spr=1.5&referrer=https%3A%2F%2Faip.scitation.org%2Fdoi%2F10.1063%2F1.4915944&hc=e827e71cfcb198bb6929b877f4b8af4dafefa447&location=
https://aip.scitation.org/action/showLogin?uri=%2Fdoi%2F10.1063%2F1.4915944
https://aip.scitation.org/action/showCart
https://aip.scitation.org/
https://aip.scitation.org/journal/jap
https://aip.scitation.org/journal/jap
https://aip.scitation.org/toc/jap/current
https://doi.org/10.1063/1.4915944
https://aip.scitation.org/author/Grimaldi%2C+C
https://aip.scitation.org/author/Cattani%2C+M
https://aip.scitation.org/author/Salvadori%2C+M+C
https://aip.scitation.org/
https://aip.scitation.org/journal/jap
https://aip.scitation.org/toc/jap/117/12
https://crossmark.crossref.org/dialog?doi=10.1063%2F1.4915944&domain=aip.scitation.org&uri_scheme=https%3A&cm_version=v2.0
https://aip.scitation.org/doi/10.1063/1.4916080
https://aip.scitation.org/doi/10.1063/1.4914520
https://aip.scitation.org/doi/abs/10.1063/1.4915944
https://aip.scitation.org/doi/full/10.1063/1.4915944
https://aip.scitation.org/doi/figure/10.1063/1.4915944
https://aip.scitation.org/doi/citedby/10.1063/1.4915944
https://aip.scitation.org/personalize/addFavoritePublication?doi=10.1063%2F1.4915944
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

We study the dependence of the electrical conductivity on the gold
concentration of Au-implanted polymethylmethacrylate (PMMA) and
alumina nanocomposite thin films. For Au contents larger than a critical
concentration, the conductivity of Au-PMMA and Au-alumina is well
described by percolation in two dimensions, indicating that the critical
correlation length for percolation is larger than the thickness of the
films. Below the critical loading, the conductivity is dominated by
tunneling processes between isolated Au particles dispersed in PMMA or
alumina continuous matrices. Using an effective medium analysis of the
tunneling conductivity, we show that Au-PMMA behaves as a tunneling
system in two dimensions, as the film thickness is comparable to the
mean Au particle size. On the contrary, the conductivity of Au-alumina
films is best described by tunneling in three dimensions, although the
film thickness is only a few times larger than the particle size. We
interpret the enhancement of the effective dimensionality of Au-alumina
films in the tunneling regime as due to the larger film thickness as

compared to the mean interparticle distances.

ACKNOWLEDGMENTS

This work was supported by the Fundacao de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP) and the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq), Brazil. We are grateful
to the Institute of Ion Beam Physics and Materials Research at the
Forschungszentrum Dresden-Rossendorf, Germany, for the TRIDYN-

FZR computer simulation code.

https://aip.scitation.org/doi/10.1063/1.4915944 2/8


https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23

1.

2.

D. Stauffer and A. Aharony, Intoduction to Percolation Theory (

Taylor and Francis, London, 1994). Google Scholar

M. Sahimi, Heterogeneous Materials 1. Linear Transport and Optical

Properties ( Springer, New York, 2003). Google Scholar

S. P. McAlister, A. D. Inglis, and P. M. Kayll, Phys. Rev. B 31, 5113 (1985).

https: //doi.org /10.1103 /PhysRevB.31.5113, Google Scholar, Crossref

M. C. Salvadori, M. Cattani, F. S. Teixeira, and 1. G. Brown, Appl. Phys.
Lett. 93, 073102 (2008). https: //doi.org /10.1063 /1.2973161,
Google Scholar, Scitation, ISI

D. Toker, D. Azulay, N. Shimoni, I. Balberg, and O. Millo, Phys. Rev. B
68, 041403(R) (2003). https: //doi.org /10.1103 /PhysRevB.68.041403,

Google Scholar, Crossref

. Y.-F. Wei and Z.-Q. Li, Appl. Phys. Lett. 102, 131911 (2013).

https: //doi.org /10.1063 /1.4800568, Google Scholar, Scitation

V. Ambegaokar, B. I. Halperin, and J. S. Langer, Phys. Rev. B 4, 2612
(1971); https: //doi.org/10.1103 /PhysRevB.4.2612, Google Scholar,
Crossref

M. Pollak, J. Non-Cryst. Solids 11, 1 (1972);

https: //doi.org /10.1016 /0022-3093(72)90304-3, , Google Scholar,

Crossref

&

https://aip.scitation.org/doi/10.1063/1.4915944

Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

3/8


http://scholar.google.com/scholar_lookup?hl=en&publication_year=1994&author=D.+Staufferauthor=A.+Aharony&title=Intoduction+to+Percolation+Theory
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2003&author=M.+Sahimi&title=Heterogeneous+Materials+I.+Linear+Transport+and+Optical+Properties
https://doi.org/10.1103/PhysRevB.31.5113
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+P.+McAlister+%2C+%0A%0AA.+D.+Inglis+%2C+and+%0A%0AP.+M.+Kayll+%2C+Phys.+Rev.+B+31%2C+5113+%281985%29.+10.1103%2FPhysRevB.31.5113
https://aip.scitation.org/servlet/linkout?suffix=c3/c3_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.31.5113
https://doi.org/10.1063/1.2973161
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+C.+Salvadori+%2C+%0A%0AM.+Cattani+%2C+%0A%0AF.+S.+Teixeira+%2C+and+%0A%0AI.+G.+Brown+%2C+Appl.+Phys.+Lett.+93%2C+073102+%282008%29.+10.1063%2F1.2973161
https://aip.scitation.org/doi/10.1063/1.2973161
https://aip.scitation.org/servlet/linkout?suffix=c4/c4_1&dbid=128&doi=10.1063%2F1.4915944&key=000259010300059
https://doi.org/10.1103/PhysRevB.68.041403
http://scholar.google.com/scholar?hl=en&q=%0A%0AD.+Toker+%2C+%0A%0AD.+Azulay+%2C+%0A%0AN.+Shimoni+%2C+%0A%0AI.+Balberg+%2C+and+%0A%0AO.+Millo+%2C+Phys.+Rev.+B+68%2C+041403%28R%29+%282003%29.+10.1103%2FPhysRevB.68.041403
https://aip.scitation.org/servlet/linkout?suffix=c5/c5_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.68.041403
https://doi.org/10.1063/1.4800568
http://scholar.google.com/scholar?hl=en&q=%0A%0AY.-F.+Wei+and+%0A%0AZ.-Q.+Li+%2C+Appl.+Phys.+Lett.+102%2C+131911+%282013%29.+10.1063%2F1.4800568
https://aip.scitation.org/doi/10.1063/1.4800568
https://doi.org/10.1103/PhysRevB.4.2612
http://scholar.google.com/scholar?hl=en&q=%0A%0AV.+Ambegaokar+%2C+%0A%0AB.+I.+Halperin+%2C+and+%0A%0AJ.+S.+Langer+%2C+Phys.+Rev.+B+4%2C+2612+%281971%29%3B+10.1103%2FPhysRevB.4.2612
https://aip.scitation.org/servlet/linkout?suffix=c7/c7a&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.4.2612
https://doi.org/10.1016/0022-3093(72)90304-3
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+Pollak+%2C+J.+Non-Cryst.+Solids+11%2C+1+%281972%29%3B+10.1016%2F0022-3093%2872%2990304-3
https://aip.scitation.org/servlet/linkout?suffix=c7/c7b&dbid=16&doi=10.1063%2F1.4915944&key=10.1016%2F0022-3093%2872%2990304-3
http://scholar.google.com/scholar?hl=en&q=%0A%0AB.+I.+Shklovskii+and+%0A%0AA.+L.+Efros+%2C+Sov.+Phys.+JETP+33%2C+468+%281971%29%3B
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

woogle Scholar
B. I. Shklovskii and A. L. Efros, Sov. Phys. JETP 34, 435 (1972).

Google Scholar

8. A. G. Hunt, Percolation Theory for Flow in Porous Media ( Springer,

Berlin, 2005). Google Scholar, Crossref

9. G. Ambrosetti, C. Grimaldi, I. Balberg, T. Maeder, A. Danani, and P.
Ryser, Phys. Rev. B 81, 155434 (2010).
https: //doi.org /10.1103 /PhysRevB.81.155434, Google Scholar,

Crossref

10. G. Ambrosetti, I. Balberg, and C. Grimaldi, Phys. Rev. B 82, 134201
(2010). https: //doi.org/10.1103 /PhysRevB.82.134201, Google Scholar

, Crossref

11. We approximate the typical inter-particle distance ¢ by the mean
distance between nearest neighboring particles. For a system of
randomly distributed particles of number density p, there is in
average one particle contained within a volume Q « §¢ centered

about a given particle: 1 ~ pQ « p§?, so that & « 1/p'/.

12. S. Fostner, R. Brown, J. Carr, and S. A. Brown, Phys. Rev. B 89, 075402
(2014). https: //doi.org /10.1103 /PhysRevB.89.075402,

Google Scholar, Crossref

13. C. Grimaldi, Phys. Rev. B 89, 214201 (2014).

GLLL“M 1731 % o AN AAND /M TV oD OO M AN N ool o OV e T

https://aip.scitation.org/doi/10.1063/1.4915944 4/8


http://scholar.google.com/scholar?hl=en&q=%0A%0AB.+I.+Shklovskii+and+%0A%0AA.+L.+Efros+%2C+Sov.+Phys.+JETP+33%2C+468+%281971%29%3B
http://scholar.google.com/scholar?hl=en&q=+%0AB.+I.+Shklovskii+and+%0A%0AA.+L.+Efros+%2C+Sov.+Phys.+JETP+34%2C+435+%281972%29.
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2005&author=A.+G.+Hunt&title=Percolation+Theory+for+Flow+in+Porous+Media
https://aip.scitation.org/servlet/linkout?suffix=c8/c8_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1007%2Fb136727
https://doi.org/10.1103/PhysRevB.81.155434
http://scholar.google.com/scholar?hl=en&q=%0A%0AG.+Ambrosetti+%2C+%0A%0AC.+Grimaldi+%2C+%0A%0AI.+Balberg+%2C+%0A%0AT.+Maeder+%2C+%0A%0AA.+Danani+%2C+and+%0A%0AP.+Ryser+%2C+Phys.+Rev.+B+81%2C+155434+%282010%29.+10.1103%2FPhysRevB.81.155434
https://aip.scitation.org/servlet/linkout?suffix=c9/c9_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.81.155434
https://doi.org/10.1103/PhysRevB.82.134201
http://scholar.google.com/scholar?hl=en&q=%0A%0AG.+Ambrosetti+%2C+%0A%0AI.+Balberg+%2C+and+%0A%0AC.+Grimaldi+%2C+Phys.+Rev.+B+82%2C+134201+%282010%29.+10.1103%2FPhysRevB.82.134201
https://aip.scitation.org/servlet/linkout?suffix=c10/c10_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.82.134201
https://doi.org/10.1103/PhysRevB.89.075402
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+Fostner+%2C+%0A%0AR.+Brown+%2C+%0A%0AJ.+Carr+%2C+and+%0A%0AS.+A.+Brown+%2C+Phys.+Rev.+B+89%2C+075402+%282014%29.+10.1103%2FPhysRevB.89.075402
https://aip.scitation.org/servlet/linkout?suffix=c12/c12_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.89.075402
https://doi.org/10.1103/PhysRevB.89.214201
http://scholar.google.com/scholar?hl=en&q=%0A%0AC.+Grimaldi+%2C+Phys.+Rev.+B+89%2C+214201+%282014%29.+10.1103%2FPhysRevB.89.214201
https://aip.scitation.org/servlet/linkout?suffix=c13/c13_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.89.214201
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23

14.

15.

16.

17.

18.

19.

A IWINTAE R

B. Abeles, P. Sheng, M. D. Coutts, and Y. Arie, Adv. Phys. 24, 407
(1975). https://doi.org /10.1080,/00018737500101431, Google Scholar,

Crossref

M. C. Salvadori, F. S. Teixeira, L. G. Sgubin, M. Cattani, and I. G.
Brown, Nucl. Instrum. Methods Phys. Res., Sect. B 310, 32 (2013).
https: //doi.org /10.1016 /j.nimb.2013.05.024, Google Scholar,

Crossref

F. S. Teixeira, M. C. Salvadori, M. Cattani, S. M. Carneiro, and I. G.
Brown, J. Vac. Sci. Technol. B 27, 2242 (2009).
https: //doi.org /10.1116 /1.3231449, Google Scholar, Crossref

M. C. Salvadori, F. S. Teixeira, L. G. Sgubin, W. W. R. Araujo, R. E.
Spirin, E. M. Oks, K. M. Yu, and I. G. Brown, Appl. Phys. Lett. 101,
224104 (2012). https: //doi.org/10.1063 /1.4768699, Google Scholar,
Scitation, ISI

W. Moller and W. Eckstein, Nucl. Instrum. Methods Phys. Res. B 2,
814 (1984). https: //doi.org /10.1016 /0168-583X(84)90321-5,

Google Scholar, Crossref

W. Moller, W. Eckstein, and J. P. Biersack, Comput. Phys. Commun.
51, 355 (1988). https: //doi.org /10.1016 /0010-4655(88)90148-8,

Google Scholar, Crossref

&

https://aip.scitation.org/doi/10.1063/1.4915944

Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

5/8


https://aip.scitation.org/servlet/linkout?suffix=c13/c13_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevB.89.214201
https://doi.org/10.1080/00018737500101431
http://scholar.google.com/scholar?hl=en&q=%0A%0AB.+Abeles+%2C+%0A%0AP.+Sheng+%2C+%0A%0AM.+D.+Coutts+%2C+and+%0A%0AY.+Arie+%2C+Adv.+Phys.+24%2C+407+%281975%29.+10.1080%2F00018737500101431
https://aip.scitation.org/servlet/linkout?suffix=c14/c14_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1080%2F00018737500101431
https://doi.org/10.1016/j.nimb.2013.05.024
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+C.+Salvadori+%2C+%0A%0AF.+S.+Teixeira+%2C+%0A%0AL.+G.+Sgubin+%2C+%0A%0AM.+Cattani+%2C+and+%0A%0AI.+G.+Brown+%2C+Nucl.+Instrum.+Methods+Phys.+Res.%2C+Sect.+B+310%2C+32+%282013%29.+10.1016%2Fj.nimb.2013.05.024
https://aip.scitation.org/servlet/linkout?suffix=c15/c15_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1016%2Fj.nimb.2013.05.024
https://doi.org/10.1116/1.3231449
http://scholar.google.com/scholar?hl=en&q=%0A%0AF.+S.+Teixeira+%2C+%0A%0AM.+C.+Salvadori+%2C+%0A%0AM.+Cattani+%2C+%0A%0AS.+M.+Carneiro+%2C+and+%0A%0AI.+G.+Brown+%2C+J.+Vac.+Sci.+Technol.+B+27%2C+2242+%282009%29.+10.1116%2F1.3231449
https://aip.scitation.org/servlet/linkout?suffix=c16/c16_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1116%2F1.3231449
https://doi.org/10.1063/1.4768699
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+C.+Salvadori+%2C+%0A%0AF.+S.+Teixeira+%2C+%0A%0AL.+G.+Sgubin+%2C+%0A%0AW.+W.+R.+Araujo+%2C+%0A%0AR.+E.+Spirin+%2C+%0A%0AE.+M.+Oks+%2C+%0A%0AK.+M.+Yu+%2C+and+%0A%0AI.+G.+Brown+%2C+Appl.+Phys.+Lett.+101%2C+224104+%282012%29.+10.1063%2F1.4768699
https://aip.scitation.org/doi/10.1063/1.4768699
https://aip.scitation.org/servlet/linkout?suffix=c17/c17_1&dbid=128&doi=10.1063%2F1.4915944&key=000311967000102
https://doi.org/10.1016/0168-583X(84)90321-5
http://scholar.google.com/scholar?hl=en&q=%0A%0AW.+M%C3%B6ller+and+%0A%0AW.+Eckstein+%2C+Nucl.+Instrum.+Methods+Phys.+Res.+B+2%2C+814+%281984%29.+10.1016%2F0168-583X%2884%2990321-5
https://aip.scitation.org/servlet/linkout?suffix=c18/c18_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1016%2F0168-583X%2884%2990321-5
https://doi.org/10.1016/0010-4655(88)90148-8
http://scholar.google.com/scholar?hl=en&q=%0A%0AW.+M%C3%B6ller+%2C+%0A%0AW.+Eckstein+%2C+and+%0A%0AJ.+P.+Biersack+%2C+Comput.+Phys.+Commun.+51%2C+355+%281988%29.+10.1016%2F0010-4655%2888%2990148-8
https://aip.scitation.org/servlet/linkout?suffix=c19/c19_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1016%2F0010-4655%2888%2990148-8
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...
o - o - R A - - ’ R o - - N =l

of Ions in Solids ( Pergamon, New York, 1985); See

http: //www.srim.org / for the computer code is downloadable

from the SRIM. Google Scholar

21. P. Sotta and D. Long, Eur. Phys. J. E 11, 375 (2003).
https: //doi.org /10.1140 /epje /i2002-10161-6, Google Scholar,

Crossref

22. L. Zekri, A. Kaiss, J.-P. Clerc, B. Porterie, and N. Zekri, Phys. Lett. A
375, 346 (2011). https: //doi.org /10.1016 /j.physleta.2010.11.043,

Google Scholar, Crossref

23. Itis possible to estimate the values of x below which Au-alumina
films behave as 2d percolating systems by using ¢ ~ D|x — x|,
where v = 0.88 is the 3d correlation length exponent. Using x, =
0.44 and h= 6D, we obtain that { becomes greater than the film

thickness when the Au concentration is lower than about 0.65.

24. S. Torquato, B. Lu, and J. Rubinstein, Phys. Rev. A 41, 2059 (1990).
https: //doi.org /10.1103 /PhysRevA.41.2059, Google Scholar,

Crossref

25. A. P. Chatterjee, J. Chem. Phys. 139, 224904 (2013).
https: //doi.org /10.1063 /1.4840098, Google Scholar, Scitation, ISI

26. M. A. Miller, J. Chem. Phys. 131, 066101 (2009).
6 https: //doi.org /10.1063 /1.3204483, Google Scholar, Scitation

https://aip.scitation.org/doi/10.1063/1.4915944 6/8


http://www.srim.org/
http://scholar.google.com/scholar_lookup?hl=en&publication_year=1985&author=J.+F.+Zieglerauthor=J.+P.+Biersackauthor=U.+Littmark&title=The+Stopping+and+Range+of+Ions+in+Solids
https://doi.org/10.1140/epje/i2002-10161-6
http://scholar.google.com/scholar?hl=en&q=%0A%0AP.+Sotta+and+%0A%0AD.+Long+%2C+Eur.+Phys.+J.+E+11%2C+375+%282003%29.+10.1140%2Fepje%2Fi2002-10161-6
https://aip.scitation.org/servlet/linkout?suffix=c21/c21_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1140%2Fepje%2Fi2002-10161-6
https://doi.org/10.1016/j.physleta.2010.11.043
http://scholar.google.com/scholar?hl=en&q=%0A%0AL.+Zekri+%2C+%0A%0AA.+Kaiss+%2C+%0A%0AJ.-P.+Clerc+%2C+%0A%0AB.+Porterie+%2C+and+%0A%0AN.+Zekri+%2C+Phys.+Lett.+A+375%2C+346+%282011%29.+10.1016%2Fj.physleta.2010.11.043
https://aip.scitation.org/servlet/linkout?suffix=c22/c22_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1016%2Fj.physleta.2010.11.043
https://doi.org/10.1103/PhysRevA.41.2059
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+Torquato+%2C+%0A%0AB.+Lu+%2C+and+%0A%0AJ.+Rubinstein+%2C+Phys.+Rev.+A+41%2C+2059+%281990%29.+10.1103%2FPhysRevA.41.2059
https://aip.scitation.org/servlet/linkout?suffix=c24/c24_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevA.41.2059
https://doi.org/10.1063/1.4840098
http://scholar.google.com/scholar?hl=en&q=%0A%0AA.+P.+Chatterjee+%2C+J.+Chem.+Phys.+139%2C+224904+%282013%29.+10.1063%2F1.4840098
https://aip.scitation.org/doi/10.1063/1.4840098
https://aip.scitation.org/servlet/linkout?suffix=c25/c25_1&dbid=128&doi=10.1063%2F1.4915944&key=000328729000044
https://doi.org/10.1063/1.3204483
http://scholar.google.com/scholar?hl=en&q=%0A%0AM.+A.+Miller+%2C+J.+Chem.+Phys.+131%2C+066101+%282009%29.+10.1063%2F1.3204483
https://aip.scitation.org/doi/10.1063/1.3204483
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

27. A. L. Bug, S. A. Safran, G. S. Grest, and I. Webman, Phys. Rev. Lett.
55, 1896 (1985). https: //doi.org /10.1103 /PhysRevlett.55.1896,

Google Scholar, Crossref

28. S. B. Lee and S. Torquato, Phys. Rev. A 41, 5338 (1990).

https: //doi.org /10.1103 /PhysRevA.41.5338, Google Scholar,
Crossref

29. J. R. MacDonald, Phys. Rev. A 46, R2988 (1992).
https: //doi.org /10.1103 /PhysRevA.46.R2988, Google Scholar,

Crossref

© 2015 AIP Publishing LLC.

. Call For Papers!
AIP Advances per

SPECIAL TOPIC: Ad:ances in Low Dimensional and 2D Materials

&

https://aip.scitation.org/doi/10.1063/1.4915944 718


https://images.scitation.org/redirect.spark?MID=176720&plid=1485523&setID=372138&channelID=11984&CID=538279&banID=520404454&PID=0&textadID=0&tc=1&adSize=728x90&mt=1649370114074058&sw=1067&sh=600&spr=1.5&referrer=https%3A%2F%2Faip.scitation.org%2Fdoi%2F10.1063%2F1.4915944&hc=e6769a64318b598a420d02d623c7f25ee622087a&location=
https://doi.org/10.1103/PhysRevLett.55.1896
http://scholar.google.com/scholar?hl=en&q=%0A%0AA.+L.+Bug+%2C+%0A%0AS.+A.+Safran+%2C+%0A%0AG.+S.+Grest+%2C+and+%0A%0AI.+Webman+%2C+Phys.+Rev.+Lett.+55%2C+1896+%281985%29.+10.1103%2FPhysRevLett.55.1896
https://aip.scitation.org/servlet/linkout?suffix=c27/c27_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevLett.55.1896
https://doi.org/10.1103/PhysRevA.41.5338
http://scholar.google.com/scholar?hl=en&q=%0A%0AS.+B.+Lee+and+%0A%0AS.+Torquato+%2C+Phys.+Rev.+A+41%2C+5338+%281990%29.+10.1103%2FPhysRevA.41.5338
https://aip.scitation.org/servlet/linkout?suffix=c28/c28_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevA.41.5338
https://doi.org/10.1103/PhysRevA.46.R2988
http://scholar.google.com/scholar?hl=en&q=%0A%0AJ.+R.+MacDonald+%2C+Phys.+Rev.+A+46%2C+R2988+%281992%29.+10.1103%2FPhysRevA.46.R2988
https://aip.scitation.org/servlet/linkout?suffix=c29/c29_1&dbid=16&doi=10.1063%2F1.4915944&key=10.1103%2FPhysRevA.46.R2988
https://publishing.aip.org/authors
https://publishing.aip.org/librarians
http://www.scitation.org/advertising
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

07/04/2022 19:23 Dimensional effects on the tunneling conductivity of gold-implanted nanocomposite films: Journal of Applied Physics: Vol 117...

General Information
ABOUT

CONTACT

HELP

PRIVACY POLICY

TERMS OF USE

FOLLOW AIP PUBLISHING:

Website © 2022 AIP Publishing LLC.

Article copyright remains as

Scitation

specified within the article.

@  por

https://aip.scitation.org/doi/10.1063/1.4915944 8/8


http://www.scitation.org/about
http://www.scitation.org/contact
http://www.scitation.org/help
https://publishing.aip.org/privacy/
https://publishing.aip.org/terms-of-use/
http://www.scitation.org/
https://www.facebook.com/AIPPublishing/
https://twitter.com/AIP_Publishing
https://www.linkedin.com/company/10306347
https://aip.scitation.org/doi/pdf/10.1063/1.4915944

