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Abstract - The magnetic properties of diluted magnetic semi conductors (DMS) Cd1− x Mn xTe are investigated. We have evaluated the Néel temperature from the nearest neighbour J1 ( L) interactions and the energy exchange for the different diameter of the Cd 0.5 Mn0.5Te nanoparticle by using the mean field theory. The shifts of the Néel



 TN ( ∞ )



 1 − 1 can be described by a power law L− λ , where λ = ν b is  TN ( L )  the inverse of the correlation length exponent. The obtained value is ν b = 1.1 ± 0.1 . The magnetic phase diagrams have been determined by the High-temperature series expansions. A spin glass state has been obtained for x < xc (x = xc ) . This phase is attributed to the randomness and the frustration of the antiferromagnetic interactions between the Mn magnetic ions arising from the topology of the DMS alloys. The critical exponents associated with temperatures TN ( L ) from the bulk value 



the magnetic susceptibility (γ ) and with the correlation lengths (ν ) are deduced.
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1. Introduction



The diluted magnetic semiconductors (DMS) are compounds based on typical semiconductors (like CdTe or InAs ), for which a fraction of nonmagnetic cations has been replaced by magnetic ions (typically transition metal ions like Mn , Fe or rare earth metal ions) [l] DMS bridge the physics of semiconductors and magnetic since they show typical semiconductor behaviour and they also reveal pronounced magnetic properties. Cd1− x Mn xTe , Zinc-blende structure DMS alloys are the most typical 108
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representative of DMS. They can be considered as mixed crystal systems between two Zinc-blende phase materials, CdTe (ZnTe ) and MnTe . In particular magnetism of these materials is typical for magnetic 5 8 ions possessing a spin momentum S = , which would correspond to Mn 2+ d centers. The magnetic 2 phase diagrams of the above two systems consist of two regions: a high-temperature, paramagnetic phase and low temperature frozen phase. The latter phase generally occurs when x > 0.2 , but recent works has shown that spin freezing can also occurs for lower values of x at very low temperature [2,3]. The pure system MnTe presents a truly long-range, type III antiferromagnetic (AFM) ordering [4]. We have used the mean field theory, for calculated the Néel temperature from the nearest neighbour J1 [5] interactions and the energy exchange for the different diameter of the Cd 0.5 Mn0.5Te nanoparticle. The shifts of the  TN ( ∞ )  − 1 can be described by a power law L− λ , where Néel temperatures TN ( L ) from the bulk value   TN ( L )  λ is the inverse of the correlation length exponent. Another part of this paper concerns the interesting topic of magnetic structure and spin glass behaviour in the diluted magnetic semiconductors Cd1− x Mn xTe with 0 ≤ x ≤ 1 . The Padé approximant (P.A) [6] analysis of the high-temperature series expansion (HTSE) of the correlation length has been shown to be a useful method for the study of the critical region [7,8]. We have used this technique to determine the phase diagrams and the critical exponents γ and ν associated with the magnetic susceptibility χ and the correlation length ξ in the range 0 ≤ x ≤ 1 , respectively.



( )



2. Néel temperatures and critical exponent’s calculations a. Mean field approximation



Starting with the well known Heisenberg model, the Hamiltonian of the system is given by: r r H = −2∑ J ij S i S j



(1)



i, j



r J S ij where, is the exchange integral between the spins situated at sites i and j. i is the atomic spin of the magnetic ion located on the ith site. The factor ″2″ in Eq. (1) arises from the fact that, when summing over all possible pairs ij exchange interactions, we count each pair twice. The mean field approximation



leads to a simple relations between the Néel temperature TN , respectively, and the considered one exchange integral J1 . Following, the method of Holland and Brown [9], the expression of TN ( K ) is:



TN ( K ) =



2 S ( S + 1) [−4 J1 ( K )] 3k B



(2)



5 . 2 Using the experimental values J 1 ( L) obtained by magnetic measurement [5] for the Cd 0.5 Mn0.5Te nanoparticle. We have deduced the values of Néel



where k B is the Boltzmann’s constant and S =
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temperature TN ( L) . From these values, we have derived the energy exchange, for different diameter of nanoparticle. The obtained results are given in table 1. The temperature shift has been observed in numerous experimental studies and it has also been investigated in theory [10-14]. Specifically, the Néel temperature TN must be regarded as a diameter-dependent parameter, TN ( L ) which approaches the bulk Néel temperature TN ( ∞ ) as the scale factor L



Table 1: The first exchange integrals, the Néel temperature TN ( K ) , and the energy for different diameter of



Cd 0.5 Mn0.5Te nanoparticle. L(nm)



J1 - K (K ) [5]



TN ( K )



bulk



8.1



189.0



97.12



8.0



7.8



182.0



93.6



7.2



6.9



161.0



82.72



6.7



8.9



207.6



106.72



B



E (K ) S2



(the diameter of nanoparticle) approach ∞. It has been shown that the approach of TN ( L ) to TN ( ∞ ) can also be described by a simple power law [15] characterized by a shift exponent λ defined by: TN ( L) − 1 ∝ L− λ TN (∞)



(3)



1 The shift exponent λ is given by λ = ν where ν b is the correlation length critical exponent. b TN (∞) − TN ( L) In Figure 1, we exhibit the dependence of the shift δ T = whit L(nm ) in a Log- Log TN ( L) scale to determine the exponent λ by using equation (3) for Heisenberg model. The obtained values for the Cd 0.5 Mn0.5Te nanoparticle is ν b = 1.1 ± 0.1 . b. High-temperature series expansions



In this section we shall derive the high-temperature series expansions (HTSE) for both the zero field magnetic susceptibility χ to order six in β . The relation ship between the magnetic susceptibility per spin and the correlation functions may be expressed as follows:



χ (T ) =



β



∑ N



rr Si S j



(4)



ij



where β =



1 TrS i S j e − βH N is the number of magnetic ion. S i S j = is the correlation function k BT and Tre −βH



between spins at sites i and j. The expansion of this function in powers of β is obtained as follows [16]: 110
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∞ r r (−1) l αl β l Si S j = ∑ l ! l =0



(5)
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 − 1 versus diameter L(nm ) of  TN ( L ) 



Fig. 1. Log-Log plot of the shift of reduced Néel temperature 



Cd 0.5 Mn0.5Te nanoparticle. The calculation of the coefficients α l leads to a diagrammatic representation [17], which involves two separate phases: (a) The finding and cataloguing of all diagrams or graphs which can be constructed from one dashed line connecting the site i and j , and l straight lines, and the determination of diagrams whose contribution is nonvanishing. This step has already been accomplished in the Stanley work. (b) Counting the number of times that each diagram can occur in the magnetic system. In our case, we have to deal with nearest-neighbour coupling J ij . The coefficient α l may be expressed for each topological graph as [16]:



α l = S 2 (−2 S 2 ) l ( J ikm J kmk ...J kmν j )[α l ] 1



2



1



2 3



w



(6)



ν



with the condition ∑r =1 m r = l for mr = 0,1,....,l . The ‘‘weight’’ [α l ] of each graph is tabulated and given in Ref. [18] and k1 , k 2 ,..., k w represent the sites surrounding the sites i and j . In [8], a relation between the susceptibility, correlation length and the three first correlation functions is given in the case face centred cubic lattice with a particular ordering vector Q = (0,0, k ) . In the ferromagnetic case we get k = 0 . The high temperature series expansion of χ(T ) and ξ 2 are given by:



χ(T ) =



n



6



∑ ∑ a( m,n ) y mτ n



(7)



m= − n n =1
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ξ (T ) = 2



n



6



∑ ∑ b(m, n) y mτ n



(8)



m= − n n =1



J2 2 S ( S + 1 )J 1 where y = J and τ = . The values of exchange interactions used are J 1 = −13k B and k BT 1 J 2 = −4k B given in [19]. The series coefficients a(m, n ) and b(m, n) are given in [20]. In spin-glasses (S.G) critical behaviour near the TSG SG transition, it is expected not in the linear par χ 0 of the dc susceptibility χ , but in the nonlinear susceptibility χ s = χ − χ 0 . This is due to the fact that the order 1



q= parameter q in the spin glass state is not the magnetization but the quantity N suggested 1 χs = NT 3



∑ [ Si i



2



]



av



.



As



by Edwards and Anderson [21], leading to an associated susceptibility  s s 2 2 possibly  i j  av , where the correlation length of the correlation function Si S j ij



[



∑



]



diverges at T = TSG . The behaviour of the nonlinear susceptibility has been already extensively studied theoretically and experimentally [22, 23]. We have used the expression of χ s , to determinate the freezing temperature TSG in the region of spin glass for DMS Cd1− x Mn xTe . Figure 2 shows, the magnetic phase diagram of DMS Cd1− x Mn xTe nanoparticle. We can see the good agreement between the magnetic phase diagrams obtained by the HTSE technique and the experimental ones, in particular in the case of the last systems of which the phase diagrams have been established well by different methods [24-25]. The results given by the HTSE method are comparable with the experimental points that the results deals by the replica method [26]. The simplest assumption that one can make concerning the nature of the singularity of the magnetic susceptibility χ (T ) and of the correlation length ξ ( T ) are that at the neighbour hood of the critical point the above two functions exhibit an asymptotic behaviour: χ (T ) ∝ (T − TN )−γ (9)



ξ 2 (T ) ∝ (TN − T )−2ν (10) Estimates of TN , ν and γ for Cd1− x Mn xTe have been obtained using the Padé approximate method (P.A) [6] in the range 0 ≤ x ≤ 1 . The simple pole corresponds to TN and the residues to the critical exponents γ and ν . The obtained central values are γ = 1.4 ± 0.1 and ν = 0.9 ± 0.1 . 4. Discussions and conclusions



We have used the experimental value of J 1 ( x = 0.5) [5] to derive the Néel temperature TN and the energy exchange of the magnetic structure for different diameter of Cd 0.5 Mn0.5Te nanoparticle. The results obtained are given in table 1. On the other hand, according to the universality hypothesis, critical phenomena can be described by quantities that do not depend on the microscopic details of the system, but only on global properties such as the dimensionality and the symmetry of the order parameter. It has been a point of interest to see the influence of exchange coupling on the behavior of the critical exponent T ( L) 1 − 1 ∝ L− λ , of the Cd 0.5 Mn0.5Te nanoparticle. These values ν b = associated with the magnetic N TN (∞) λ are nearest of the Heisenberg model. The high-temperature series expansion (HTSE) extrapolated with 112
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Padé approximants method is shown to be a convenient method to provide valid estimations of the critical temperatures for real system. By applying this method to the magnetic susceptibility χ (T ) we have estimated the critical temperature TN (or TSG ) for each dilution x . The obtained magnetic phase diagram of the DMS Cd1− x Mn xTe system is presented in figure 2. Several thermodynamic phases may appear including the paramagnetic (PM), antiferromagnetic (AFM) 0.6 ≤ x ≤ 1 and spin-glass (SG) phase in range 80



PM



60



TN(K) 40 AFM



20



SG



0 0,0



0,2



0,4



0,6



0,8



1,0



x Figure 2. The magnetic phase diagram of Cd1− x Mn xTe . The various phases are the paramagnetic phase (PM),



antiferromagnetic phase (AFM) (0.6 ≤ x ≤ 1) , and the spin glass phase (SG) ( 0.2 ≤ x < 0.6 ) . The open squares are the theoretical results. The open circle, the solid square, the solid triangle represent the experimental points deduced by measurements magnetic and the by replica method [27], [5] and [26], respectively.



0 ≤ x < 0.6 . The percolation threshold obtained xc ≈ 0.2 , is the critical concentration for the appearance of an infinite percolative cluster produced by the first nn hops only. This value is comparable with xc = 0.19 obtained by [28]. In this figure we have included, for comparison, the experimental results obtained by magnetic measurement. From this figure one can see good agreement between the theoretical phase diagram and experimental results. In addition, we have determined the region spin glace while using the expression of the nonlinear susceptibility. In the other hand, the values of the critical exponents γ and ν associated with the magnetic susceptibility χ (T ) and correlation length ξ (T ) , respectively, have been estimated in the range of the composition 0.6 ≤ x ≤ 1 . The sequence of [M, N] PA to series of χ (T ) and 113
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ξ (T ) has been evaluated. By examining the behaviour of these PA, the convergence was found to be quite rapid. Estimates of the critical exponents associated with susceptibility and correlation length are found to be γ = 1.4 ± 0.1 and ν = 0.9 ± 0.1 . These values are insensitive to dilution x . References



[1] See for example, Semiconductors and Semimetals, 25, Diluted Magnetic Semiconductors, eds. J. K. Furdyna and J. Kossut, (Academic Press 1988); Semimagnetic Semiconductors and Diluted Maagnetic Semiconductors, eds. M. Balkanski and Averous (Plenum Press 1991); J. Kossut and W. Dobrowolski, in Handbook of Magnetic Materials, ed. K. H. Bushow, 7, 231 (North Holland, Amsterdam 1993). [2] D. Karaoulanis, J. P. Xanthakis and N. C. Bacalis. J. Magn. Magn. Mater. 221, 407(2000), D. Karaoulanis, J. P. Xanthakis and C. Papatrian tafillon, J. Magn. Magn. Mater. 161231, (1996). [3] M. A. Novak, O. G. Symko, D. J. Zheng and S. Oseroff, Physica B 126, 469(1984). [4] K. Ando, K. Takahashi, and T. Okuda. Phys. Rev. B46, (1992) 12289, J. Diouri, J. P. Lascaray, and M. El Amrani, Phys. Rev. B31, 7995(1985). [5] J. Gonzalez, C. H. Power, O. Contreras, E. Calderón, J.C. Chervin, E. Snoeck, J.M. Broto, Alfa Meeting Highfield Vienne 26th to 30th April 2004. [6] “Padé Approximants”, edited by G. A. Baker and P. Graves-Morris (Addison-Wesley, London, 1981). [7] R. Navaro, Magnetic Properties of Layered Transition Metal Compounds, Ed. L.J.DE Jonsgh, Daventa: Kluwer 1990 (p.105). [8] M. C. Moron, J. Phys: Condensed Matter 8, 11141(1996). [9] W. E. Holland and H. A. Brown, Phys-Stat. Sol (a) 10, 249(1972). [10] J. T. Ou, F. Wang and D. L. Lin, Phys. Rev. B 56, 2805(1997). [11] M. Henkel, S. Andrieu, P. Bauer and M. Piecuch, Phys. Rev. Lett. 80, 4783(1998). [12] A. Saber, A. Ainane , F. Dujardin , N. El Aouad , M. Saber M and B. Stébé, J. Phys.: Condens. Matter 12, 43(2000). [13] R. Zhang and R. F.Wills Phys. Rev. Lett. 86, 2665(2001). [14] J. C. Neta, J. Ricardo de SousaJ and J. A. Plascak, Phys. Rev. B 66, 064417(2002). [15] C. Domb, J. Phys. A 6, 1296(1973). [16] H. E. Stanley and T. A. Kaplan, Phys. Rev. Lett. 16, 981(1966). [17] M. Hamedoun, M. Houssa, N. Benzakour, and A. Hourmatallah, J. Phys: Condens. Mater. 10, 3611(1998). [18] M. Hamedoun, M. Hachimi, A. Hourmatallah and K. Afif, J. Magn. Magn. Mater 283, 290-295 (2001). [19] B. E. Larson, K. C. Hass, R. L. Aggarwal, Phys. Rev. B. 33, 1789 (1986). [20] N. Benzakour M. Hamedoun, M. Houssa, A. Hourmatallah, and F. Mahjoubi, Phys. Stat. Sol. (b). 212, 335(1999). [21] S. F. Edwards and P. W. Anderson, J. Phys. F. 5, 965 (1975). [22] S. Katsura, Prog, Theo. Phys. 55, 1049 (1976). [23] G. Toulouse and M. Gabay, J. Phys. Lett. 42, L 103 (1981) [24] M. Alba, Hammann and M. Nougues, J. Phys, C. 15, 5441 (1982). [25] K. Afif, A. Benyoussef, M. Hamedoun and A. Hourmatallah, Phys. Stat. Sol (b). 219, 383 (2000). [26] M. Hamedoun, Z. El Achheb, H. Bakrim, A. Hourmatallah, N. Benzakour, and A. Jorio, Phys. Stat. Sol. 236, 661 (2003). [27] A. Stachow-Wojcik, W. Mac, A. Twardowski, G. Karczzzewski, E. Janik, T. Wojtowicz, J. Kossut and E. Dynowska, Phys. Stat. Sol (a) 177, 555 (2000). [28] N. Samarth, J. K. Furdyna, Proc. IEEE, 78 (6), 990 (1990). 114




























Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













Physics - Semantic Scholar













vehicle safety - Semantic Scholar













Reality Checks - Semantic Scholar













Top Articles - Semantic Scholar













TURING GAMES - Semantic Scholar













A Appendix - Semantic Scholar













i* 1 - Semantic Scholar













fibromyalgia - Semantic Scholar













hoff.chp:Corel VENTURA - Semantic Scholar













Dot Plots - Semantic Scholar













Master's Thesis - Semantic Scholar













talking point - Semantic Scholar













aphonopelma hentzi - Semantic Scholar













minireviews - Semantic Scholar













PESSOA - Semantic Scholar















Physics - Semantic Scholar






semiconductors and magnetic since they show typical semiconductor behaviour and they also reveal pronounced magnetic properties. Te. Mn. Cd x x. âˆ’1. , Zinc-blende structure DMS alloys are the most typical. This article is released under the Creative Commons. Attribution-Noncommercial-. No Derivative Works 3.0. 






 Download PDF 



















 88KB Sizes
 0 Downloads
 488 Views








 Report























Recommend Documents













Physics - Semantic Scholar 

... Z. El Achheb, H. Bakrim, A. Hourmatallah, N. Benzakour, and A. Jorio, Phys. Stat. Sol. 236, 661 (2003). [27] A. Stachow-Wojcik, W. Mac, A. Twardowski, G. Karczzzewski, E. Janik, T. Wojtowicz, J. Kossut and E. Dynowska, Phys. Stat. Sol (a) 177, 55




















Physics - Semantic Scholar 

The automation of measuring the IV characteristics of a diode is achieved by ... simultaneously making the programming simpler as compared to the serial or ...




















Physics - Semantic Scholar 

Cu Ga CrSe was the first gallium- doped chalcogen spinel which has been ... /licenses/by-nc-nd/3.0/>. J o u r n a l o f. Physics. Students http://www.jphysstu.org ...




















Physics - Semantic Scholar 

length of electrons decreased with Si concentration up to 0.2. Four absorption bands were observed in infrared spectra in the range between 1000 and 200 cm-1 ...




















Physics - Semantic Scholar 

4. The jump length experimental and theoretical as a function of Si content. Fig. 5. IR spectra of NiSixFe2-xO4 system. 3.5. Infrared spectra: Infrared spectral studies of NiSixFe2-xO4 system (x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5) is shown in Fig. (5). 




















Physics - Semantic Scholar 

E-mail: [email protected] or [email protected]. Received 11 November 2007; received in revised form 29 July 2008; accepted 18 August 2008. Abstract ...




















Physics - Semantic Scholar 

Abstract - There are two types of high-speed solar wind streams classified in two categories: coronal hole associated and flare generated streams. These two ...




















Physics - Semantic Scholar 

Since 1994, parallel ports are bi-directional (PS) allowing eight pins either to act as .... [physics.ed-ph]. [7] http://www-server.bcc.ac.uk/~zcapl31/LptADC.html.




















Physics - Semantic Scholar 

Department of Physics and Electronics, S. G. T. B. Khlasa College, University of ... Abstract - It is always a fascination to have a computer to collect observations of ... in an under-graduate lab, the resistive ladder circuit proved to be good enou




















Physics - Semantic Scholar 

Quantitative study of damping is rarely done in schools for .... To achieve this synchronization it is best to generate the required SOC pulse ... digitalizes the analog emf and on completion sends an EOC to the computer or microprocessor kit (in cas




















vehicle safety - Semantic Scholar 

primarily because the manufacturers have not believed such changes to be profitable .... people would prefer the safety of an armored car and be willing to pay.




















Reality Checks - Semantic Scholar 

recently hired workers eligible for participation in these type of 401(k) plans has been increasing ...... Rather than simply computing an overall percentage of the.




















Top Articles - Semantic Scholar 

Home | Login | Logout | Access Information | Alerts | Sitemap | Help. Top 100 Documents. BROWSE ... Image Analysis and Interpretation, 1994., Proceedings of the IEEE Southwest Symposium on. Volume , Issue , Date: 21-24 .... Circuits and Systems for V




















TURING GAMES - Semantic Scholar 

DEPARTMENT OF COMPUTER SCIENCE, COLUMBIA UNIVERSITY, NEW ... Game Theory [9] and Computer Science are both rich fields of mathematics which.




















A Appendix - Semantic Scholar 

buyer during the learning and exploit phase of the LEAP algorithm, respectively. We have. S2. T. X t=Tâ†µ+1 Î³t1 = Î³Tâ†µ. T Tâ†µ. 1. X t=0 Î³t = Î³Tâ†µ. 1 Î³. (1. Î³T Tâ†µ ) . (7). Indeed, this an upper bound on the total surplus any buyer can hope 




















i* 1 - Semantic Scholar 

labeling for web domains, using label slicing and BiCGStab. Keywords-graph .... the computational costs by the same percentage as the percentage of dropped ...




















fibromyalgia - Semantic Scholar 

analytical techniques a defect in T-cell activation was found in fibromyalgia patients. ..... studies pregnenolone significantly reduced exploratory anxiety. A very ...




















hoff.chp:Corel VENTURA - Semantic Scholar 

To address the flicker problem, some methods repeat images multiple times ... Program, Rm. 360 Minor, Berkeley, CA 94720 USA; telephone 510/205-. 3709 ... The green lines are the additional spectra from the stroboscopic stimulus; they are.




















Dot Plots - Semantic Scholar 

Dot plots represent individual observations in a batch of data with symbols, usually circular dots. They have been used for more than .... for displaying data values directly; they were not intended as density estimators and would be ill- suited for 




















Master's Thesis - Semantic Scholar 

want to thank Adobe Inc. for also providing funding for my work and for their summer ...... formant discrimination,â€� Acoustics Research Letters Online, vol. 5, Apr.




















talking point - Semantic Scholar 

oxford, uK: oxford university press. Singer p (1979) Practical Ethics. cambridge, uK: cambridge university press. Solter D, Beyleveld D, Friele MB, Holwka J, lilie H, lovellBadge r, Mandla c, Martin u, pardo avellaneda r, WÃ¼tscher F (2004) Embryo. R




















aphonopelma hentzi - Semantic Scholar 

allowing the animals to interact. Within a pe- riod of time ranging from 0.5â€“8.5 min over all trials, the contestants made contact with one another (usually with a front leg). In a few trials, one of the spiders would immediately attempt to flee af




















minireviews - Semantic Scholar 

Several marker genes used in yeast genetics confer resis- tance against antibiotics or other toxic compounds (42). Selec- tion for strains that carry such marker ...




















PESSOA - Semantic Scholar 

ported in [ZPJT09, JT10] do not require the use of a grid of constant resolution. We are currently working on extending Pessoa to multi-resolution grids with the.


























×
Report Physics - Semantic Scholar





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















