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In c h a p te r  1, Sp in tronics, or spin electronics, refers to the study o f  the role 

played by electron (and m ore generally  nuclear) sp in  in solid state physics, and possible 

devices that specifically  exp lo it spin properties instead o f  or in  addition  to charge degrees 

o f  freedom . For exam ple, sp in  relaxation and spin transport in m etals and  sem iconductors 

are o f  fundam ental research  in terest not only for being basic  solid  state  physics issues, 

bu t also for the a lready  dem onstrated  poten tia l these phenom ena have in  elec tronic 

technology. The p ro to ty pe device that is a lready  in  use in industry as a  read head and  a 

m em ory-storage cell is the g iant -  m agneto-resistive (GM R) sandw ich  structure, w hich  

consists o f  alte rnating  ferrom agnetic  and  nonm agnetic  m etal layers. D epending on  the 

relative orien tation o f  the  m agnetizations in the m agnetic layers, the  device resistance 

changes from  sm all (parallel m agnetizations) to large (antiparallel m agnetizations). This 

change in  res istance (also called m agneto-resistance) is used  to  sense changes in 

m agnetic fields. R ecent e fforts  in G M R  technology have also invo lved  m agnetic  tunnel



* * « .  »l,crc ,1,  u.nn.-.ins current depends on spin orientations o f  the

clcvUvvics

.........<„.,„e,,f cs in .his Held o f , * - * *  , h ,  are addressed by experim ent and

l,ic op..... ....  o f electron spin lifetimes. the detection o f  spin coherence

,u„„w.,k- s,n,cn„es. transport o f spin-polarized carriers across relevant length scales 

.,„j lK ,c,.„„«r.icc,. and the manipulation o f both electron and nuclear spins on 

MitVu icnll) Iasi time scales. Ill response, recent experiments suggest that the storage tim e 

..i qiunnim information cncodcd in electron spins may be extended through their strong 

uuciplav 'Mill nuclear spins in the solid state. Moreover, optical methods for spin 

injection. detection, and manipulation have been developed that exploit the ability  to 

p ia isd ) engineer the coupling between electron spin and optical photons. It is 

envisioned that the merging of electronics, photonics, and magnetics will ultim ately lead 

to new spin-based multifunctional devices such as spin-FET (field effect transistor), spin- 

1 1:1) (light-emitting diode), spin RTD (resonant tunneling device), optical switches 

operating at terahertz frequency, modulators, encoders, decoders, and quantum  bits for 

quantum computation and communication. The success o f  these ventures depends on a 

deeper understanding of fundamental spin interactions in solid state materials as well as 

the roles of dimensionality, defects, and semiconductor band structure in m odifying these 

djiumics. If wc can understand and control the spin degree o f  freedom  in 

scmic,inductors, semiconductor hcterostructures, and ferromagnets, the potential for 

hij-'li-pctfomiancc spin based electronics will be excellent.

In chapter 2. we have discussed about the fabrication o f  dc resistivity set -  up 

and complex impedance measurement set -  up, fabricated in our laboratory. Additionally,



a brief discussion about the fabrication o f room tem perature hom e m ade vibrating sam ple 

magnetometer (VSM ) set -  up (actively involved during fabrication) and pulsed laser 

(excimer laser, KrF) deposition  thin film unit (actively involved during developm ent ) 

was also presented. W e have presented some characterization techniques, such as x - ray 

diffraction (XRD ), transm ission electron m icroscopy (TEM ), high - resolution field 

emission scanning electron m icroscopy (FE-SEM ), energy dispersive analysis o f  x-ray 

(EDAX), therm o gravity analysis (TGA), differential thermal analysis (DTA), x-ray 

photoelectron spectroscopy (X PS), electron param agnetic resonance (EPR ), M ossbauer 

study etc. All the above m entioned techniques are mainly em ployed in characterizing our 

nanostructured DM S and m anganite sam ples, prepared through low tem perature chemical 

pyrophoric reaction technique. W e_have also., presented ..in...details, about., m agnetic^ 

measurem ent techniques, electrical - transport m easurem ent techniques and optical 

measurem ent technique, em ployed for studying magnetic, electrical as well as optical 

properties o f  our structurally  w ell characterized DMS and m anganite samples.

In c h a p te r  3 w e have shown from x - ray diffracUon (XRD ) studies on bulk 

amount o f  chemically prepared  Qanocrystalline pow der o f  Z ni.xTM xO (TM  = Co, Mn, Fe, 

Ni), that the evolution o f  secondary phases (C03O4, M ^O-i, Fe30.4 or N iO ) along with the 

single phase Z ni.xT M xO in wurtzite ZnO structure strongly depend on growth 

tem perature (Tg) and doping concentration (x). W e have established experim ental phase 

diagram  for each TM , w hich show s the relation betw een growth param eters (Tg and x) 

and single/m ultiple phases o f  Z n |.xTM xO. A t the lowest Tg (300°C) o f  our experim ent, 

the highest solubility  lim its o f  Co, M n, Fe and Ni in ZnO are 30% , 30% , 20%  and 3%  (at. 

wt.), respectively. The m agnetization  m easurem ents using SQ U ID  m agnetom eter show

x



tht! ‘-hr 5
„  rh . «  K'niu.ii'i) icJuccs .he mapu.1 iza.ion o f  single phase Z n ^ I M .O . 

— a . , ,  p i -  on m onetization may be the important C u e to

, ,  ..................... Jeicc.able) secondary phase canno. be .he source o f

sv observed tor Zni.* I M»0 in single phase.

In c h a p t c r  4. wc have investigated .structural, magnetic, optical and electrical

, P!, ivM.cs of .nl-iransition metal (TM) doped Z n , J M xO (TM = Co, Mn)

d ^ c d  nugnciic scmicomluc.ing nanoparticks for different doping concentrations (0  < x

0  4 ) nuuI.cm/cJ by chemical "pyrophoric reaction process” . From x-ray diffraction

XRDi measurements the solubility limits of Co and Mn in ZnO nanoparticles are found

to he Mfongly dependent on growth (calcinations) temperature (Tg). The highest solubility

hunt <>1 h>th Co' - and Mn: ‘ in Zn() at Tf ~ 300°C are found to be ~ 30%. High resolution

iMmmivMon electron microscopy (TKM) studies show that Zni.xTMxO particles are

single crystalline of high quality with a wide particle size distribution in nanom etric

regime Ihe non-mean-field like very strong concave nature o f temperature dependent

nnjwcti/jtion curves are observed al very low temperature in both the system s without

' h‘n ' :nK’ an> distinct magnetic transition. The magnetic behavior o f  those M n2+ and Co2+

/n ()  H-tniconducting nanoparticles are observed to be quite d ifferent. The

n u c u l e  of net magnetization at a field o f 5000 Oe for Zn,.xMnxO system is found to

t:nm * „ h the dopant concentration (x) in sharp contrast to the case for Z n ,.xC oxO where

. . . .  fo„nJ Jccrc.lsc , from mean-ficld Curic-Weiss fit as well as from the calculated

’* * '  " f '  CVrt™6C imcraclion < U  which is found to be negative, we

that the ground «a,c of both o f these systems are an.iferrom agne.ic (A FM ) for

«ncs. In .lit case o f  Zn,.,Mn,0 samples the magnitude of J „  is found to



decrease with the increase in M n: " ion concentrations whereas for Z ri|.vC oK0  samples the 

magnitude o f  Jcv is found to increase. These typical variations o f  Jcv with AFM 

interaction have been best explained through the magnetic polaron -  polaron interactions 

model [P. A. W olff et al. J. Appl. Phys. 79, 5196 (1996) and A. C. Durst el al. Phys. Rev. 

B 65, 235205 ( 2002)]. The semiconducting band gap o f  those nanoparticles has been 

estimated using recorded absorbance spectra. The electrical behaviors o f  those samples 

have been investigated over the wide temperature and frequency range using ac complex 

impedance spectroscopy and dc technique.

In c h a p te r  5, we have investigated magnetic properties o f  Fe - doped ZnO 

nanocrystals, which are successfully synthesized and structurally characterized by using x 

- ray diffraction and transmission electron microscopy. Bulk m agnetization 

measurements reveal a para to ferromagnetic phase transition at a tem perature o f > 320 K 

followed by a low - tem perature transition from ferromagnetic to spin - glass state due to 

canting o f  the disordered surface spins in the nanoparticle system. Local magnetic probes 

like EPR and M ossbauer studies indicate the presence o f  Fe in both valence states Fe2+ 

and Fe3+. W e argue that the presence o f  Fc3+ is due to the possible hole doping in the 

system by cation (Zn) vacancies.

In ch a p te r  6 , we have investigated the ground state m agnetic phase and the 

optical band gap o f  chem ically synthesized Znog.sFeoisO diluted magnetic 

semiconducting nanoparticles (7 nm). The tem perature dependent m agnetization study 

shows strong irreversibility along with a  cusp-like anom aly, w hich is ascribed to a 

freezing to a c luster glass-like m agnetic ground state. This assignm ent is further 

established by Ai rott-Belov-Kouvel plots along with 5-like non-saturating m agnetization



%ersus field curves. The finite size ferromagnetic clusters which are form ed due to an 

cnlunccd grain surface elTect in the system undergo random dipolar intercluster 

interactions, giving rise to strong competitive ferromagnetic and antiferromagnetic 

interactions, finally leading to the freezing o f  those clusters.

We have also investigated the magnetic, optical and electrical transport properties 

0 l‘Zni.xFi\O (x = 0.05, 0.10 and 0.15) diluted magnetic sem iconducting nanoparticles (~ 

7 nm) synthesized through same low temperature chemical pyrophoric reaction process. 

Fe (x) doping in ZnO. i.e.. Z n ^ F e .O  leads us to the m ost desired room  temperature 

ferromagnetism for a typical dopant concentration o f  x =  0 . 10 , as strongly supported by 

finite coercive field ( -  94.4 Oe) and remanent magnetization (0.011 jis/Fe ion) from 

strong hysteretic magnetization versus magnetic field curve at room tem perature. The 

Curie temperature o f  this x = 0.10 sample has been estimated to be ~ 388 K. The 

existence o f room temperature ferromagnetic phase is further established by convex 

nature o f  A UK plots with spontaneous magnetization, whereas absence of 

ferromagnetism is observed in x = 0.05 and 0.15 samples. These observed magnetic 

behaviors lor different x have been best explained through m agnetic polaron model.

In chaptcr 7. we have investigated structural, magnetic, optical and transport 

properties o f Zti|.x(M nvnCoxa ) 0  (x = 0.1 and 0 .2 ) diluted m agnetic semiconducting 

nanoparticles synthesized by similar chemical “pyrophoric reaction process” . X-ray 

diffraction analysis clcatly shows lhal the samples are single phase in Z nO  wurtzite 

structure, where the average cry stallite sizes o f  samples are found to be in  nanometric 

regime ( -  10 nm). From the Curie - Weiss fit, as well as, from the calculated value of 

effective exchange constant (Jt>). which is found to be negative, we can assert that the



nature o f  magnetic ground state o f both these samples arc antiferrom agnetic (A IM ). 1 his 

is further established b\ concave nature of isothermal Arrolt - Belov • Kouvel plots at the 

ground state (5 K) without having am  spontaneous magnetization in both the samples. 

When both Mn and Co dopant concentration (x) are increased in Xn() matrix, the 

magnitude o f  A IM  interaction ( J0  ) is found to enhance. This observed magnetic 

behavior has also been best explained through the bound magnetic polaron - polaron 

interactions model. The semiconducting band gap o f  those nanoparticles has been 

estimated using recorded optical absorbance spectra. Hlectrical transport properly has 

been investigated through complex impedance technique.

We have also investigated structural, magnetic, optical and electrical transport 

properties o f /.n0 ».>l;e., i(C oM n )vO (x 0.05. 0.1 for Co and x 0.1 for Mn) diluted 

magnetic semiconducting nanoparticles synthesized through same low temperature 

chemical process. From transm ission electron micrograph particles size are found to be in 

nanometric regime (~7 nm) and single crystalline in nature. 1'he magnetization 

measurements reveal that doping o f  Co or Mn ions in ZnFeO nanometric matrix 

decreases the values o f  coercive field and average magnetization, not due to the just 

increasing the total dopant concentration. It has been attributed to the formation o f 

antiferrom agnetic or param agnetic slates in ferromagnetic infinite cluster (spanning o f  

magnetic polarons) by doping o f  Co or Mn ions. The strong irreversibility has been 

observed lo persist at and above room temperature in m agnetization versus temperature 

curve. The sem iconducting band gap o f  those nanoparticles has been estimated using 

recorded absorbance spectra. The electrical behaviors o f  those sam ples have been



investigated over the wide temperature and frequency range using ac com plex impedance 

spectroscopy.

We have also investigated microstructural, m agnetic, optical and electrical 

transport properties o f  Z n . ^ C o ^ O  (x = 0 .1 and 0 .2 ) dilu ted magnetic 

semiconducting nanoparticles synthesized through low tem perature sam e chemical 

process. From TEM and FE-SEM micrographs the particle sizes are found to be in the 

nanometric regime. The strong irreversibility between zero field cooled and field  cooled 

conditions in concave nature o f magnetization versus tem perature curves persists  at even 

room temperature without showing any distinct magnetic phase transition , x — 0 .2  sample 

shows finite coercive field and remanent m agnetization in m agnetization versus field 

curvc at room temperature resembling a ferromagnetic feature, w hereas absence of 

ferromagnetism is observed in x = 0.1 sample. The observed ferrom agnetic like behavior 

may be attributed to the formation o f higher defect states at particle/particle interfaces 

acting large volume magnetic polaron which couple the spins. The sem iconducting band 

gap o f  those nanoparticles has been estimated using recorded absorbance spectra at room 

temperature. Electrical properties o f  those nanometric DMS particles are investigated 

using complex impedance spectroscopic technique and dc resistivity  technique  as 

mention earlier.

In ch ap ter 8 . we have discussed m icrostructural, m agnetic and optical properties 

o f high quality epitaxial thin films o f  diluted magnetic sem iconductor Z n ,.xM nxO (0.01 < 

x < 0.25) grown on (0001) sapphire substrate (CC-AI2O 3) by pulsed laser deposition 

technique. Seven (01-10) planes o f ZnMnO film are found to m atch w ith six  (-12-10) 

planes o f sapphire substrate through excellent domain m atching epitaxy by 30° rotations

xv



of /n.M nO unit ccll aboul c - axis with rcspcct to the sapphire unit cell. from  high 

resolution transmission electron micrograph image the misfit dislocations are observed at 

the interface o f  sapphire and ZnM nO film growth plane. The insulating Zriu xjMno isO 

epitaxial thin film showed ferromagnetic behavior (hysteretic) with coercive field -

6.2 m l’, and a maxim um saturation moment o f  0.42 jio/Mn'* ion at a field o f  0.5 T at 

lowest attainable tem perature (T - 10 K). I'he strong concave behavior o f  magnetization 

as a function o f tem perature curves in this strongly insulating ferromagnetic diluted 

magnetic sem iconductor film has been best explained through non- mean - field polaron 

percolation - theory. The increase o f band gap from bulk ZnO  with dopant 

concentration (x). observed from absorbance spectra, has been attributed to the sp - d spin 

exchange interaction between the band electrons and localized d electrons o f  M n"’ ions 

o fZ n ,.xM nxO films in presence o f  tetrahedral crystal field interaction.

In c h a p te r  9, we have investigated the effect o f  nanometric grain size on 

electrical - and m agneto-transport properties o f single phase, highly spin-polarized, half- 

metallic spintronic oxide La<)7Ba<)3MnO-t (LBM O) m anganite nanoparticles having 

average grain size in the nanometric regime (21- 35 nm). We have observed that both 

metal - insulator transition tem perature (Tp) and the para - ferromagnetic transition 

temperature (Tc) shifts to lower tem perature with decrease in average grain size. For the 

entire series o f sam ple, a distinct m inim a in resistivity at a tem perature (Tn„n) followed by 

an upturn at very low  ̂ tem perature (< 47 K) regime is observed. We have attributed the 

steeper low tem perature (~ 47 K) resistivity upturn in smaller grain size sample than that 

o f larger grain size sam ple below at Tmjn to the increased value o f  charging  energy (Ec ). 

Ec has been estim ated to be 1.3 K for 21 nm sam ple. 0.56 K for 25 nm sam ple and 0.04 K



lor 30 nn, sam ple  M agneto-transport —  show .ha, .he m agnitude o f  ,ow  field 

MR (l.l'M R) (sharp drop a. low field o f  MR) varies with average grain size. In order 

investiuate „,e MR behavior of LBMO nanoparticles, we have analyzed our data in the 

« ,  „ f  a phenomenological model, based on spin-polarized transport o f  conduction 

electrons a, the grain boundaries. Typical LFMR a. 1 kOe is found to be -  15 % , whereas

a, 50 kOe the lll 'M R  at 4 K ,s found to be about -  40 %  for LBM O nanoparticles. 

Magneto-transport measurements show that the m agnitude o f  low field M R (LFM R ), as 

well as o f high field MR (HFM R) rem ains constant up to sufficiently high tem perature ( -  

50 K) and then drops sharply with temperature. W e found that this strange tem perature 

dependence of MR is decided predominantly by the nature o f  the tem perature response of

surface magnetization (Ms) o f nanosize magnetic particles.

The final chapter, C h a p te r  10, discusses the conclusions and Scope o f  Future

Work of the thesis.
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