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Messa~

I am pleased to know that the National Physical Laboratory (CSIR), New
Delhi is organizing an "International Conference on Quantum Effects in Solids of
Today (I-ConQuEST)" during 20th to 23rd December, 2010. Quantum
phenomena based applications are gaining momentum primarily because
quantum mechanics has been enormously successful in explaining the
microscopic phenomena in practically all the branches of Physics and even the
discovery of nanotechnology owes its roots to quantum theory. Our increasing
ability to manipulate matter at very low temperatures and in very small
dimensions continues to open up new areas where we can tailor materials
whose behavior depends crucially on the qUirks of quantum mechanics.

I am happy to note that this Conference will assemble researchers from
variety of disciplines related to "quantum phenomena in solids", thereby
prOViding a strong synergy to the future research endeavours in this exciting
area, through such a useful event. I hope that all the participants will have an
academically stimulating meeting and I wish the conference all the success.

Dated: 6th December, 2010 (Kapil Sibal)

Anusandhan Bhawan, 2, Rafi Marg, New Delhi-110001 Ph: 011-23316766, 23714230 Fax: 011-23316745
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COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
Anusandhan Bhawan, 2, Rafi Marg, New Delhi-llOOOl

Messa~

I am immensely pleased to know that the National Physical Laboratory,
a constituent laboratory of the Council of Scientific and Industrial Research
(CSI R) I is holding an Intemational Conference on. "Quantum Effecfs in Solids
of Today", which is scheduled to be held during December 20-23, 2010.

Devices based on quantum effects are now very familiar to ,all. from
well-known lasers, tr.ansistors, e:lectron microscope and magnehc imaging
devices to spintronics-based devices, quantum comput:ing, these devices
have revolutionized the framework of modern science and technology. It may
not be an exaggera.tion to suggest that quantum effects will dominate the
course of techno logry development in the 21 st century" This conference
assumes special! significance for National Physical Laboratory in view of the
rapidly changing scenario of standards, which is gradually shifting from
conventional metrology towards quantum metrology, based on several
quantum-related phenomena.

It is heartening to observe that special emphasis in this conference has
been Iaid 0 n the parUcipation of young researchers. I am sme that th is
conference wou1d prov:ide a suitable platform for researchers from India and
abroad to discuss the ~ate5t trends "n modern quantum related materials and
how these are being harnessed for technological applications.

I warmly welcome aU delegates, congratulate the organizers an.d send
my best wishes for the success of the event.

-
New Delhi

December 6, 2010

[ Samir K Brahmachari ]

Telephone Office: 91-11-23710472, 23717053; Fax: 91-11-23710618; Residence: 91-11-26842276
E-mail: dgcsir@csir.res.in & dg@csir.res.in
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INFLUENCE OF ELEORONIC STRUCTURE ON FERROIC
PROPERlIES OF SOUDS

ItvJwwA CIlATTEIJEE

Magnetics & AdvrmmJ CemmicsLa~
Physics Department, I.I.T Delhi, HQUZ-Klws. N.Delhi-11OO16

Email: mwlD@physics.iitd.ac.in

Among tfle soLids of today -muLtlrerroic" materials hold a speciaL place. This broad topic
encompasses various Cl'b!gories of materials that show more than one fermic properties, viz.,
ferroelsatic / ferroelectric / felTOmagnetic. MagnetDe/Bct1ic moteriaIs, jimJmagnetic shape memo.ry
aI1Dys etc. fall under this categOI}'. In this contExt,. I would discuss two recent results of interest
obtained by our lab that depict the effi!ct of electronic structure of materials on (i) magnetoelectric
coupling and (ii) ll!rroelsatidty of materials.
(i) Magnetoel.ectTic effect caused by interfadaL bonding in fe-implanted BaTiD, crystaL - we

experimentally demonstrate (see Fig.1) the magnetoelecbic effect in i multilayered structure
of Fe-BaliO,-Fe. with - 70 J. BaTiD, (81) sandwiched between 2 layers of implanted Fe which
was further treated by swift heall)' ion (Ag"') induced ion beam mixing/anneaLing. Due to this
specific experimentllL procedure. condition of atomic orbitaL over1ap between the Fe and 1i
atoms could be favored and the fe-implanted BT crystaL shows an ME effect arising from
inl:l!rfacial bonding at FejBT interface, iI$ tfleoretiCllIIy proposed by Duan et m.'

(ii) Control of magnNic field induced 5lnIin in Ni-Mn-Ga by twin-boundary motion of martlinsitic
Vlriants -inl:l!rrelation of magnetic and structuTliL subsystr:ms in tflese alloys Leads to unllSual
magnetoelastic and thennoelastic properties observed in them. Magnetic field induced

•
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reBmngement of martensite variants controlled by inl:l!lVBriant twin-boundary motion decides
the amount of magnetic field induced slTcrin (MFIS) in the Ni-Mn-Ga alloys. Through the resulls
of fundamentaL & third order at: slISceptibiLity measuTl!!ments in a Ni..MntlGa". single crystaL we
demonsl:Tllt:e' that the magnetic subsystem in Ni-Mn-Ga is unstable at Low temperabJres not
only for metastable modulated crystal struculle, hut also for very stable nonmodul4ted tetragonal
structure, Leading to -6% MFIS in this Heusler alloy single aystaL

REFERENCES
1. c. G. DUiIII, So S. Jaswal and E. T. Tsymbol,. p~ Rev. l.Itt. '1, 04n01 (2006).
2. S. Ie. SrivuUvI, v. Ie.~ A. Joshi, ~. KamosI, L Ie. Vargo, Y. Y. KhcwI.yIa and R. 01--.jee, AppL 'hys.

1.£1:. 91, 122505 (2010)
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SCANNING nJNNELlNG SPECTROSCOPY OF SUPERCONDUcrING
SILICON AND DIAMOND

H. CouRllll5', F. DAHLEN" 0. A. WIWAIIS', T. 1CllcDIEW5ICI', P. AcHm" J. BOUlllER', D. DEwF,
C. MAICEJW"',C. WIiIcEIJwIN'. E. BUSTARREJ"

'Institut Niel, CNRS & Unfvetsitj Joseph Fourier; 25 avenue des Marf;yrs, 38042 6renobiR, Franr:e
'InstitJJte far MatBrioIs ReserJrriI, HosseIt~ Wetenst:hapsptNic 1, 8-3590 Oiepflflbeek,. Belgium

sInstitut d'ElBt:trrmique FondomfNlwle, CNRS lJnd UniversftA PIJ1U Sud, 91405 Or.m.l' Frana
"(fA,. IIlStitut Nonosdenas et~ SPSMS-lA7EtlS. 17 roe des MIlIt)tt. 38054~ I1llnce

Email: Herve.Court0i5@gtenob1e.cnn.fr

HeaviLy doped group IV covalentsemioonductor:s [1] oonstitu~ I new family ofsuperconductors
as a Iow-temperit:ure superconductivity has been recent4' discovered in boron-doped silicon and in
diamond. The evolution of the critiCllL temperabJre versus boron doping is different in these two
malErials.. IlIising the genelllL question of nature of their superconductivity. As a unique tooL of
investigation, our miLLiKeLvin scanning tunneLing microscope (STM) [2] Cion bring important
contributions to tflis question.

In my talk. I will review our recerrt experimenu on superconducting doped semiconductors. We
perfonned the first tunneLing spectroscopy of superconducting heavily boron-doped silicon, which
shows the conventional (Bes) nature of Its locaL supercondllClMty (Fig. t, [3]). In poLycrystalline
boron-doped diamond thin films. OUT scanning tunneling spectroscopy study demonslRt:es tfle
strong correlation between tfle locaL superconductivity strength and tfle granulir structull! of tfle
films (Fig. 2.[4]•
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p(1) -paTexp(Ea,lk.T} (2)

where ka is BoLtzmann constant, ftj is the resistivity coefficient and Ea is the activation energy.
We fltted the high temperature reslstlvlty data usIng the above relatlon for ~rIJIMnOI' The

typicaL plots for both samples are shown in Fig. 3.

REFERENCES
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RAMAN STUDY OF PHASE TRANsmON IN SN DOPED GMB2TEs FILMS DEPOSITED
BY RF MAGNETRON SPUTTERING

AwIlAG, 5AIIGEEI'A SEMWAI.., A.Ie. SHUKlA, P.~ V.D. VMIWl

Department oj Physia. lIT Delhi-UOO16. Indio
Email: rmnkqjs@physics.jitrJ.Qdn

Phase transition from amofllhous to crystalline or vice-versa is the basic principle of writing
and erasing the data in phase change memOlY devices. Generally chak:ogenide materials (Ge.SbrTe..
and AgInSbTe) are used for phase change memoTY applications. The GetSboTe. (GST) aUoy is one of
the frequentl,y used materials in phase change recording technology. GST films are of great interest
because oftheir high ~vit;y conl1ast: beb¥een amofllhous and~ine strte. high crystallizirtion
speed and cyclahilit;y [1]. This aUoy exhihi13 two crystalline states, namely a met:ast:ahle (Naa-type)
phase and a stable hexagonaL phase [2]. Doping is considered to be one efficient way to b.me the
properties of phase change materials. So far, various dopan13 such as Bi, Sn, 0 and Nhave been
studied in LiteTature [5-9]. However, no wolk has been reported 50 far on Ramiln study of Sn doped
65T thin films.

In present work. we have studied the phase transition phenomenon in Sn doped GST thin films
deposited by rF magnetron co-sputtering technique from a composite target of GST and a Sn target.
The thin films of Sn doped GST phase change materiaL were deposited on glass substrates for 50
minUb! at an AT pressure of 1.2" 10-3 torr. The thickness of the film was found to be -100 nm. The
as-deposited films were annealed in AT ambient at 250 and 35ll'C for 1 hour each in a horizontaL
fum~

Figure 1 shows Raman spectra ohmined from as-deposited as weLLas annealed Simples. Abroad
peak is obselVed in as deposited film around 150 an"" which confirms the amofllhous namre of Sn
doped GSTfiLms [3]. An additionaL peak also Ippeared around 250 cm"" which cln be atbibuted to
the presence of Sn in GST thin films.
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low doping Pr based manganite shows ferromagnetic insulating phase for single crystalline system
[3]. Bulk PSMO shows insulating behavior throughout the temperature range. Surprisingly, in the
case of nanometric 850 and 950 PSMO, both of them show metal-insulator transition at around ....
150 K. This transition is absolutely absent in the bulk counterpart. The inset of Fig. 2(d) shows the
temperature-dependent insulating behavior of the bulk PSMO for the entire temperature range.

T

Fig. 1. (a) RietveLd refinement of HRXRD PSMO 950
sampLe, (b) FESEM micrograph, (c) SAD pattern and (d)

HRTEM image of nanometric PSMO sampLe.

Fig. 2. (a) M(T) of PSMO 40 nm, 50 nm and buLk
sampLes showing drastic change of Te. (b) M(H) of
950 PSMO. (e) HFMR of nanometric 850 PSMO at
different temperatures (d) Resistivity pLot with

temperature for three different particle sizes; inset
shows resistivity vs. T pLot of insuLating buLk sampLe.

The observed drastically contrasting behavior in nanometric grains compared to its bulk counterpart
is most clearly explained by enhanced surface disorder [4]. The destabilization of the ferromagnetic
insulating state at the surface grain boundary is primarily attributed to the surface reconstruction
of the electronic states resulting in an increase in DE. The hugely enhanced surface to volume ratio
in nano-grains adds up to the sizabale change in electronic transport (metalLicity), enhanced
magneto-transport and magnetic properties. In summary, we have thoroughly studied the effect of
nano size on the electronic-, magneto-transport and magnetic properties of PSMO samples. The
contrasting behavior in nanometric grains is attributed to the enhanced surface disorder at the
grain surfaces.

REFERENCES
1. H. Y. Hwang, S.-W. Cheong, N. P. Ong, and B. BatLogg, Phys. Rev. Lett. 77, 2041 (1996).

2. P. Dey, T. K. Nath, Phys. Rev. B, 73, 214425 (2006).

3. C. Martin, A. Maignan, M. Hervieu, and B. Raveau, Phys. Rev. B 60, 12191 (1999).

4. S. Kundu et aL, arXiv: 1006.2943 ,[cond-mat.str-eL],15 Jun 2010.
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EFFECT OF SINTERING TEMPERATURE ON MAGNmC PROPERnES OF znU!MnCl.O/J0
UMESH ICR. GAUR1,J, A. GAlIi', P. [IWIIt, A. 1Cufw" G.D. V_"

I Department uf Physics, Nat:iomlI. Institute uf Technology. Kurubhetro-136119, India
"Department: uf f'h:ysia, Indian Institutll uf Ted"'alDgy Roarkee. 1laor1rft-247667, India

J PtIsently worlcing at Centll uf NanotBd"'alDgy, Indian Institute uf Ted",aIDgy RoorkBB, IndiD
Email: anumgdph@gmaiLcom

ResearcheT5 aLL over the world have recent1l/ been Looking for new kind of semiconducton; in
which both the charge and spin of carriers can be exploited to provide new functionality for
spintronic devices [1]. The primalY requirement of such devices is to have room temperature
relTOmagnl!tism (1UfM) and high spin transport,. so that it can be used in spin lJansiston;, uUn
dense non-volatile memolY devices (e.g. MRAflls) and opticaL emitten;. FoUowing the prediction of
IUfM in the othelwise nonmagnetic II-VI and In-V semiconductor compounds, by Dietl. et al [2]
in 2000, researchers started re-investigating lJansition metaL (TM) doped II-VI semiconductor
oxides (e.g. lnO, 5nO. and liOJ, and In-V compounds (e.g. GaN, GaAs, IrIAs, etc.) [3,4]. Manganese
substituted ZnO has attracted significant attention not onl,y due to technologicaL advantages but
also due to the prevaiLing di5agreement in both the existence as weLL as the origin of room
temperature ferromagnetic behavior. The present study aims at systEmatic investigations on Zn,.
.Mn.O (x- 5") sintered 5uccessivel,y at different temperatures to understand the origin of room
temperature relTOmagnetic behaviour.

We hive syntflesized the Zn....Mn....Onanoparticlf!s by soL-geL method. The sintering temperature
has been varied from 400 to 800 "C to vary the particlf! size. X-1iIY difliacl:ion (XRD), scanning
electron microscopy (SEM), and Vibrating Sample magnetometer (VSM) have been used in present
investigations to characterize the 5amples. The phase formation, aystaUine size dl!tennination and
magnetic properties have been studied successfuLLy. X-ray diffraction pattern of In....Mn....Osamples
sint:ered at 400, 500, 600 and 800 O[ have been shown in Fig. 1.TheXRD resuLts show that the phase
formation of Zno starts at 400 'C and particle size varies between 19 to 72 nm as sintering
temperature varies from 400 to 800 'C. However, grain size, observed from 5EM, varies from 20 to
150 nm.
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fig: 1: X-ray dlffractIon pattern atln...Mn....Osampless1~ aUOCI, 500, 600 and IlOO 'C.
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ELECTRON SPIN RESONANQ SlUDIES OF BluCauMnu.TMo.ot0J
(TN • Cr, Fe, Ni)

D.VD.<ItM, JOJl KuRIAll, R. SlNGH

School of Physics, Un~ of Hyderobad, Centrol Univmit;y,
PoD. Hyr1errJbod-5(J(}(U(j, IndifJ

E-maiL·viitIYtmphysia@gmfJil.CfJm

PeroYskite structured manganites of the fonn A{WlB.,MnO, (A - LiI, Bi, Pr, Sm etc and B- Sr, Ca,
Pb, Ce etc) exhibit interesting phenomena like chargeforbi~L - ordering ([0/00), metaL - insulator
(M - I) bansitions, CfJIossaL magnetoresisl:ince (CMR) effect etc'. These exotic phenomena are
defined by aLtering the Mn"IMn" ratio in the materials. Desired properties Ciln be infused in these
materials using different A and B - site elements and/or by substituting Mn by multi valent
elements Like mnsition I1Ilrtals (TM).... In this work the effect of substituting transition metals at
the Mn site of Bi...Ca...Mn..,TM....O. (TM - Fe, [r, Ni) on the magnetic properties is presented.
Electron Spin Resonance (ESR) is known to be a high~ sensitive technique for understanding the
spin structure and its dynamics in a sample. Temperature dependent ESR studies in the temperature
range 120 - 470K are undertaken to undel'l1:ilnd the evolution of microfnano magnetic phues and
its~ on the magn&ic properties ofthe Simples. The ESR signals are assigned to the contribution
of ferromilgnetic (fM) double exchilnge (DE) inteTictions invoLving the Mn" - 0 - Mn" netwoTk'.
In the present study the electronic structure of the substituants play il role in deciding the fM DE
interactions ilnd in tum the properties ofthe samples. Nickle can exist u Ni" and/or Ni", substituting
for Mn"- and/or Mn" respecti~, enhindng FM correlations. O1romium exists predominantly as
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STRUCTURAL AND MAGNETIC PROPERTIES OF SPUTTERED Co2Cro.leo.4Al
HEUSLER ALLOY THIN FILMS

ANJALl YADAV, 5UJEET CHAUDHARY

Thin Film Laboratory, Department of Physics, Indian Institute of Technology Delhi,
New Delhi 110016, India

Email: sujeetc@physics.iitd.ac. in

HighLy spin poLarized materials are required to deveLop and reaLize noveL spintronic devices such
as efficient spin injectors, spin fiLters, tunneL junctions or GMR [1]. The ferromagnetic fuLL HeusLer
aLLoy Co

2
Cro.leo.4AL (CCFA) have a high Curie temperature (Te) .....750K, and are theoreticaLLy predicted

to possess a high vaLue of saturation magnetization of 3.81-1
B

per formuLa unit. Their expected haLf
metaLLicity makes them a good candidate for a number of appLications in spintronic devices [2].
ExperimentaLLy, high magnetoresistance .....80% at room temperature and in smaLL fieLds .....10 mT has
been reported [3]. In the present work, we deposited CCFA (.....50 nm) on MgO (100) and 5i (100) at
room temperature and 550°C by using pulsed DC - sputtering technique with an Argon fLow of 15
seem. The working pressure is maintained at 5.5xl0-3 torr and base pressure at 7.5xl0-6 torr. The
magnetron sputtering is a noveL method for preparing thin fiLms of CCFA due to its high deposition
rate, ease of sputtering any metaL, alloy or compound, high purity fiLms, extremeLy high adhesion of
fiLms and exceLLent uniformity on Large area substrates [4]. We studied the effect of substrate-type
and growth-temperature on the structuraL and magnetic properties of CCFA fiLm using X-ray diffraction
(XRD) and Magneto OpticaL Kerr Effect (MOKE) measurements. The Magneto OpticaL Kerr Effect
(MOKE) is a quaLitative and surface-sensitive method to provide a very quick magnetic M-H behaviour
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Fig. 1 XRD patterns of ((FA films on Si
(top panel) and MgO (bottom panel) substrates.
'S' refers to the peak appearing due to substrate.

Fig 2. Normalised magnetic hysteresis curves measured
by MOKE at RT of the as-grown ((FA films

on MgO and Si (see text for details).
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Fig. 1: El'R specm of Fe,O,Rnvl'tuid from 10 KIxJ 70K Mg. 2: EPR 5pecb'1 of Fe,O. fllrrofluid from
lOOK IxJ 300K

IsolalEd spin of Fe"" becomes prominent w1t1l decrease In temperature(101C) and shows tile st1biLlty.
The spin concentration increases w1t1l1ncreaslng temperature and the values from 10K 1:D 70K is
listed In Table 1.

Table 1: Spin Conamtmion with tempemure

Temp.....", (KJ Spin CDntl!ntmion
fSpins! mJ

• 1.82 " 11l'"

" 2.33 " 1ll".. 2.96 " 1ll"

'" 3.41 " 1ll".. 3.9& " 1ll"

'" 4.32 " 1ll".. 4.65 " 1ll"

" 5.33 " 10'"
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Fig. 3: AHpp and g-value '4. \:empmtlJre

CONCLUSION
EPR spectroscopy technique has been successfuUy used for the investigations of surface spin

and tIleir behavior at low temperatures. Fe"'" ions isolated spins becomes prominent at low
temperamres due to weakening of magnetic moment and spin disorder. This Il!ads 1:D tile transition
from spin glass to cluster glass state. The super exchange inl:l!ractions among fluid dominates at
higher temperature.
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the competition between FM and AFM. On the other hand as we increase the Fe doping concentration,
Till temperature shifts towards low temperatures faster than (r doping. The remarkable infl.uence of
Fe doping on electricaLtransport properties is characterized by the tremendous shift: ofTil[ b!mpenrture
from 257/Cto IHl.4/C only for x - 0.08 and destruction of conductivity with Fe doping. As XPS study
suggests the presence of only Fe"'" ions in our system and due to their half filled stable 3d-state
(3d'. t"" e'J. Fe doesn1 takes part in DE conduction mechanism. With Fe doping the available
hopping sites suppresses and x .. 0.08 compound behaves as insulator. With increase in Fe-doping
concentration the magnetization moment decreases due to increases in anti-ferromagnMic interaction.
For Jt>O.3O magnetic measurements shows an anti-ferromagnetic nature with HeeL temperature
below 50 K. For all the other doped compounds 14 does not show saturatlon even under the field of
20 KO!. The La.,lCaI.JMn,)'e"O, transforms from pure ferromagnetic (Rol) for Lower x (x,c(UO)
valiles to AFM for higher x (Jt>O.30) and exhibits spin glass (SG) L1ke character for intermediate x I.e.
0.10 < x < 0.30. The SG reason appears mainly due to competlng DE driven FM and SE driven AFM
Ill'b!ractions. The competetlng nature of botflintel'actlon forms magnetic polaron tflat shows tfle
anomalous st:ructuniL behavior In the studied lIuea...Mn,)'e.O. system.
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TUNING Ce-OXYPNICTIDES SUPERCONDUOORS WITH DOPING
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The parent compound of newly discovered FeAs based oxypnictides shows anomalous behaviour
around 150 Kdue to structuTi.L phase transition foUowed by Iong-lilnge antiferromagnetic (A.FM)
ordering. This anomaly disappei.1'5 when tfle compounds become superconducting through electron
or hole doping. Here we hive taken Ce-based oxypnictides and studied the effect on superconducting
properties by substitution with fluorine (F). cobaLt (Co). ytbium (Y) and antimony (Sb) at different
sites of CeOFeAs. ALL samples were synthesized by two step solid state reaction method and phase
pu~ is confirmed by X-lilY diffraction (XRD) tedmique. The bansition temperature (TJ and upper
criticaL field (HcJ reached maximum of 48.6 Ie and 146 Tresp~

..r~~~~<::TI"""'''c........, ..,.A.
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H ••"\ /40 " l ?e.O".....A.......

:0: 30 / ".. 0''''
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The magnetization curve ofallsamples showed very IitI:Ie hysteresis indicating weak link behaviour
or an imperfectJ,y connected superconducting state. The remanent magnetization showed one major
peak tflat confirmed substantiaL electromagnetic glilnularity. The magnetization criticaL current
density increased by an order of magnitude at 30 Kand 1 Tmagnetic field with ytbium substitution.
The thennoel.ectric power and Hall measurement confirmed the dOrnillilnt role played by electrons in
these multiband superconducl:oTs. The rfpenetration depth ilna~ indicated s-wave piriringsym~
with two gap values for aLL superconducting samples.
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DYNAMICS OF MAGNmC FLUIDS IN PRESENCE OF MAGNmC FIELD STUDIED
USING TEM AND SQUID MAGNEI'OMETRY
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Superparamagnetic iron oxide nanOJMrticles (SPIONs) are il promising milteriaL for medical
appliCiltions as drug delivery ~m, molecular resonilnce imaging. t"ilncer therapy etc. Sewral
ferrofluid Simples were prepared by predpi~tion method using ferrous chloride tetra hydroxide and
sodium hydroxide as precursors. The INdions were initiall¥ t"ilrrled out at high tempeTiture with
different concentration ofiron saLts. These magnetic nanoparticles then disper.;e in miLLi Q-waterto
measure the dynamics in suspension.

The particle dialllErter polydispersity profile ilnd aystal structure of iron oxide ninoparticLes
were measured by transmission electron mitrOSt"Opy (TEM) and X-ray diffraction ana!Msis. The measured
particles were confirmed to be aystalline magnetite (albic spineLstruc:ture) with an average size of
9.5 nm. Magnetic measurements done using SQUID predict a magnetic particle size of 7.75 nm.
that is smaUer than the size measured by TIM. This suggem a Mmagneticall¥ dead laye.... is present
on the surface of particles because of its surface anisotropy.
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FIg. 1: (I) 1DI of Magnetic nanopllrtldes {b} Plrtfcll! size d1sb1butlon (PSD) fIt:I:l!d by
log-normaL dtsb1butlon.
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FERROMAGNElIC NANOWIRES FOR MICROWAVE APPLlCATlONS
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In recent yeaTS, a great deal of attention has been focused on magnetic nanowires embedded in
an insulating matrix as a promising candidate for high frequency applicationsl.-tj. Ferromagnetic
nanowires embedded in insulating templates haw higher saturation magnetization compared to
f'enit:es so higher opelil1:ing frequency can be achieved veTY easily. The small dialTllrter in nanometer
limits the eddy aJrrent loss and eliminates the skin effect. Miaowave devices, such is unbiased
circulators, isolators and band stop filters, based on milgnlrtic nanowire iTTiY have smilll size ind
broad bindwidth. The frequencies in these devices can be tuned using external milgn~c fieldoo•

Our group is presentl,y worklng on the fabrlClltlon of such kind of nanostnJctures in different
insulating matrix Uke polycarbonilte membrane and anodic alumIna template IS shown In Agure 1.
Scanning electron microscope conflrmed the presence of nanowires In these templates AguTl!! 2.
Structunlland compositional analysis was done using X-ny diffraction and energy dispel'!ive X-ray
spectroscopy as shown in Figure 3. For microwave measurement, the FMR technique is used which
can provide valuable information about the properties of material as well as microwave properties
for device application.

-"~_ ..
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•

'-­.-
figure 1: Ferromagnetlc nanowlres In PCT
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FlQlft 2: SEM Image ofCo nanowlres

FiQUfll! 3: EDX spectrum of Co n.nowires
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Figunt 4: (a) SimulatBd plot of field dependentll of resonantll frequ8l1ty (b) mitro5trip !Jl!ommy 0'0W

~ml!l"eticlIInO'lrire embllldded polYcaTbonate membl'iln~

FigUTl!! 4(1) shows the simulated plot of field dependence of ferromagnetic nanowires along
plrJlUeL and perpendicular axis. It revealed that with increase of externaL magnetic field resonance
fn!lIuency inCll!ases. Figure 4(b) shows the modeL of microwave device on which we are working. It
consists ofa tnmsmission line over the poLycarbonm IEmplate containing ferromagnetic nanowires.
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EXPLORING THE ROLE OF BaO/SrO LAYERS IN DEQMNG THE ELEO'RONIC
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Here we ~re studying the chinge in electronic structure eu..,Co..,Ba.)r.YCu,O,. with chinge in
sbuctulCll pressure. The Rimeld refined X-laY diffraction pattern shows the samples are phase pure.
The xPS measurements are done to find out the vilriation in ionic state Co and Cu with ionic size
vilriation in BaOfSrO layers.

The samples are synthesized in air by soLid-sate reaction route. The samples have been
characterized by X-ray photoelectron spectroscopy (Xps). working at a base pressure of 5xlO-IO tolT.
We have used Mg-Ka (1253.6 eV) X-ray source for OUT anaLysis. The calibration of the binding
energy sale has done w1tfl the C(ls) Line at 284.6 eV. The CoSr,vtU,0I... (Co-1212) Is aystaLllze in
orthorhombic lmaz phase [1] whereas with Ba ion on Sr ion site (Cu,."C0Jla.YCu.07~ X-O.84

composition) was reported to aystaLllze in mtragonaL P4/mmm space group [2]•
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Fig.lRietv8ld fitted XRD pat:tBm of eu...Co~,Ila,..ST.YCu,O... (x-O. IlL 2) Simples with spiCll group I'4/mmm.
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Fi9'2. (I)lhe Cu2p XPS speclrl. (b)lhe Co2p XPSsp~ for the AmpLe.PO. IlL 2.
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Fig 2: DC magnetization of MgCNi
3

in FC and ZFC
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Fig 1: Rietveld analysis of room temperature XRD
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we have optimized the synthesis temperatures for phase pure buLk superconducting and FM MgCNi
3

compound with transition temperature (Tc) of 7.5 K. More physicaL property measurements including
magneto-transport, thermo-eLectric power and heat capacity will be carried out and presented.
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individual grains. So we conclude that the enhancement of H.. and H.. is mainLy attributed to the
impurity scattering centers doped into the sample. Decrease in Hd and H,w at further doping(x-o.75)
may be due to the decreased fracI:Ion of superconductlng grains as feTe is non-superconductlng.
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Soon after the theoretiaL prediction of room tempemure R!rromagnetism (RTFM) in transition
metaldoped Zno by DietLet al [1] lot of research wolk started on ZnO based OMS. The origin of FM
in these materials is still an issue of~ The CUTmltly accepted picture for OMS's FM is that the
pn5ence of Cilrriers is essentiaL to mediate the interaction between the magnetic ions. Therefore,.
some work has heen done with additionaL dopants to enhance ferromagnetism [2]. Zno doped with
B, AI ilnd Gi etc lihows n-type conducti~. Ahigh tempemure FM has heen ohserved in (Co,AL)
codoped Zno after increi5ing Cilrrier concentriltion by doping a few percent of AL [3]. Further, it
has heen reported that defects like oxygen vacancies. Zn interstitiaL are important for ferromagnetic
interactions in Mn and Co-doped ZnO [4]. In the present work polycrystiLLine ZnO.98-1I CoO.02AbtO
(x- 0, 0.01& 0.03) samples were prepared by soL-gel method by sintering in air for 12 h at 8OO-C
followed by fumice cooling. Some air liintered pellets of the sampte »-0.01 were further annealed
at8OO-C in different gaseous environment like oxygen, hydrogenated argon (Ar: H2 - 9.5:0.05) for
1 h.

The XRO resulll of all the samples reveaL the presence of wurt:zltl! structure of Zno in ill the
samples. No signature of any impurity phase in the as synthesized and annealed samples has been
found through XRO results. The XRO patterns (intensity on logarithmic scale) of the as synthesized
and annealed samples with x-O and 0.01 are shown in flgurel(a).

From the XRD results it has heen found that diffraction peaks shift towIIrds the higher angles
with increasing II value (figure l(h», liuggesting that doped AL (ionic IlIdius of Al3+ -s3 pm)
substitute at Zn sites (ionic IlIdius of zn" -74 pm). The M-H plots of aLi the as li)'I1thesized
samples, measured at room temperature,. show that the liimpLes x-O.O and 0.01 have weak

(-( .......-. -h( ·~!i__J.._I..J-.I: - · .~"- · ...." ..
I ,...,.... '.• )''--.1-J__'..;.} ,-•r II) , ' ,~...,~" .-
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figure I:~ di1fuc:tlon pittems (intl!ns~ on Iogirithmic SCiIl!) of (I) IS syntheslzt!d ...0 Simpll! Ind
the »-0.01 Simpll!s Inosled in difl'emlt gueous Itm05pheRl5 (b) difhction JIIIlik shift when YilWe of

II inl;l'USei m;,m 0 to O.Ot.
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FiguRl 2: H-H pllFts ill: room tempemure of (Il as synthesized Hmples JIo(J inel 0.01
(b) Ample 11"0.01 lnnellled in diffl=rent guegus iIIl:ml;l$phera.

ferromagnetic interactions. The il!rromagnetic ilTb!llIctions, however, decreases for the sample »00.03
15 compared to x-O and 0.01 samples. The M-H plots (room temperature) of the 5lImpLes with x-O,
O.Olsintered in air Ind samples »00.01 annealed in 02, AT and Ar/H2 atmospheres are shown in
figure 2. From this figure it is clear that iillnneaLing of sample in oxygen itmosphere reduces the
magnetization and sample becomes oomplfrteLy pilll1milgnmc. On the other hand, iillnneaLing of the
SilmpLes in hydrogenated ilgOR (Ar/ H2) enhiillnces the ferromagnetic property and migne1:izition.
This enhancement in the ferromignetic property of the AT/H2 anneilll!d SilmpLes miY be due to
illCl'5Se in the oxygen vacancies in the Ample. The oxygen vacancies may cause sma" chinges in
the Iittice palllmetel'5; this however could not be detected by X-ray diffRction studies. The FESEM
microgrilphs (not shown here) ofthe Ar/H2 ilnneilled sample with elementi.L mapping showthit the
gRnularity of the Simple has increilSed ilnd ilLL the constituent elements ilre unifunnl1l distributed
throughout the Simple. In the Ar/H2 ilnnsled Simples we found decreilSe in the oxygen atomic'"
measured through FESEM-EDAX. The~ we conclude thirt there milY be some conbibution of
oxygen YilCilncies in the obsefVed RTFM. FurthertrolIIsmission electron microscopic (TIM) investigiltion
is inp~ to detect presence of Co-cluster.i in the hydrogenated Simples, which may also be
responsible fur enhilnced ferromagnetic interactions in the Simple it room tempelilture.

In summary. we synthesized the ZnO.98-xCoO.02A1x0 (»-0. 0.01, 0.03) samples via soL-gel
method nd studied the effect of gilSeoUS environments on the strucbJral and magnetic properties
of ZnO.97 COO.02A1O.010 sample. We found that annealing of X-O.01 Simple in Ar/H2 atmosphere
enhances the RTFM, p05sibly duetoincreasein oxygen vilCilncies in the s.ample after hydrogeniltion.
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We report here the supermndw:tlng and magnetic properties ofY,.,.Ca,Ba,Cu,D.,.. where x" 0.1,
0.2, 0.3. Calcium is a divalent ion which can be pltfeltntially substituted to Y site [1]. The
substitution of nonisovalent cations fur the Ysite is great intErest because it varies the carrier
concentration which causes variations in criticaL tEmpellltu.re. normal state conductivity and lattice
parameters. We synthesized Y,..Ca,Ba,Cu,D.,-I, where x" 0.1, 0.2, 0.3 polyaystalline samples in solid
state reaction route. High purity powders of Y.D,. Caco,. Ba,CO, and CuO (99.99'10) with exact
stoichiometric ratio wert mixed. After initiaL grinding caLcination WiS done at 860'( in iir fur ZO h
and cooled to the room temperature over 10h. This caLcination procedure Wti repeated fur 1190"(,
9OO<{; and 915'C tempemures conseartivel,y. In tilch CilLcination cycle cooling procedure was done
veTY slowly and samples were re-ground well before the next cycle. After finaL caLcination the
samples were pressed into the pellets furm ilnd sinmed at 925<{; for Z4 hin iir and cooled down to
the room temperature over 12h. finally the sampleli were annealed with flowing oxygen to 9O(I'C
for 12h , i5OO'C for 18h ilnd 400 for 12h resp~ ilnd finally cooled to room tempeTature over
Oh.

All the samples were characterlzed by the X-Ray powder diffraction technique. Subsequently
anaLyzed the dati by Reitveld reflnement method using Fullprof and calculate the lattice paramemrs
which are giYl!n in flg.1.It can be seen that reduction of orthorhombocity with increasing Ca
content in the sym:m is in agreement in earty studies [2]. The temperature dependency to Resistivity
of these samples is giYl!n in fig 2. The NormaL stltli conductivity initiaLLy increases with increasing
Ca content up to x" O.l(or between 0.1 and 0.2) as substitution ofCa will provide mobile holes to
CuD, planes [2] and decreases onwards. The criticaL temperature, T, reduce with increasing Ca
content due to the over doping and disorder which take place in the CuD. planes due to the Ca
doping as reported in earty studies[3]. AC susccptibiLil1j meiSurements (ACMS) of all these samples
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Fig.4 The ReaL Pirt of the 1'£ SusceptlblUty

are given in figure.] (imaginllY part) & figuTe 4(reaL Part). In the imaginaTY curve the iTTlEr-grain
peak (Low tempeTiture peak) shifts to high temperature side when the Ci. content is incTeued up to
x" O.t(or between 0.1 and 0.2) Ind then the inter-gmn peak once again shifts to the Low
tempeTi.ture side when further inCJ'5Sing of Ci. content. The two peaks hiw cleal\t sep;lrated in the
x- 0.3 curve. This indiates that when the Ci. content increases first inter- grain couplings incr5Se
and reach miXima near ibout Ci. content lO-O.t(or between 0.1 and 0.2) and furtherincrsse of Ci
CioU5eS the activation of gRin boundilry resistance in agreement of SEM picture study in [4). We
think thit this activation of grain boundilry resistance around x-O.l and 0.2 wiLL be the reason for
reduction of normal sQte conductivity in sample lO-O.3. The high tempeTatUTe peilk which is
responsible forinl:ril-griin properties aLways improving with increiSing ofe. content thU5 the gTain
size is increasing with increiSing e.. A. systematic reduction of T ccan be seen in fig.4 with
increasing ca content as in agreement with resisti~ curves.
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MMENSIONAUTY $lUOV ON Fe BASED SUPERCONDUaDRS
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The dimensionilLity of the superconductivity is iln important aspect to know the potentiilL of
system for technologicaL ilppLication. Here we are presenting the dimensionality sbJdy on new Fe
based ChaLcogenides systems like FeTe ilnd FeSe. FeTe is non-superconducting but it shows
superconductivity for chemicaL substitution like Sulfur ilnd Selenium, whereas FeSe shows
supen:onductivity around -11K. DeriViltives of FeTe and FeSe i.e FeTe•...s. (0.1. 0.2), FeSe.....Sb.(0.05,
0.1) ilnd FeSe,...Si. (0.05. 0.1) ilre prepared using soLid sl:i.te reaction method ilnd magneto-resistivity
is meilSUred down to 2K in presence of magnl!tic field upta l'iT. Onset of superconductivity is seen
ilround -10K for these samples. Lowest l.i.ndau leveL sa.ling is appLied to sbJdy milgnetic field
dependent fl.ucbJiltion conductivity [1-3].Representiltive resuLts of milgneto-resistivity ilnd LLL
saling of FeTe..}., FeSe.....Sb. and FeSe..}i.sampLes ilre shown in figure. It is obserwd thilt the 2D
saling is better above HI11-8Tfor FeTe,...s., WhereilS 3D sCilLing is better above tt....- 'iT for FeSe...
•Sb...... ilnd FeSeu...SL. In conclusion, we have observed 2D -ill sCilLing in FeTe..}. (0.1, 0.2)
indicating two-dimensionaL nilture of superconductivity and 3D -LLL scaLing in FeSe,....5b. (0.05,
0.1) ilnd FeSe,...Si. (0.05,0.1) indicating three-dimensional nature of superconductivity. 3D nmre
of FeSe based superconductol'5 signifies its potential for future technological ilpplications. However
there is iI bright possibiLity for FeTe derived system to be iI 3D superconductor with proper tuning of
chemicaL substitution, as FeTe and FeSe systems have smill.Ler difference in lattice parameters along
c-axis.
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hence pinning force density is to he weakened consequently decreasing the T..../f,_. The increase
in transition width of R-Tplots with magnetic field can be interpreted in terms of ft.ux creep modeL
[2, 3].
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Figures: 1, 2, 3(1) and (b) depicting XRD. R-T,m~~. Cp(T) Ind XPS gfFm""Te,p

Rudied FeSe"...Te",. does not exhibit sharp discontinuity it T, as seen but il broad hump like
structure. Figure 3 (a) imd 3 (b) show the deconvoluted core IeveLXPS spectr;I ofSe (3d) ilnd Fe(2p)
respectively for Fe5e",Te", sample. The Fe (21'.".) spectri could be resolved into three spin-orbit
components at 706.65 eV. 708.50 eV ilnd 712.00 eV after the carbon OOl1'l!ction. A Fe (2p1/2) core
levelspecb\lm was also deconwluted tluee peaks in simililrway. The 3d core leveL spectrum ofTe is
deoonvoluted into three peaks with binding energy 572.00 eV. 572.65 eV ilnd 573.90 eV. The peak
at energy 572.65 eV corresponds to pure Te metal while peak at lower binding energy 572.00 eV
may have appeared due 1:D the hybridization. In case of Se, the tore leveL spectra are demnvoLuted
into two peaks with binding energies 53.52 eV ilnd 55.28 eV. The peak for higher BE torresponds to
pUI1! Se while peak at Lower BE appeared due to the hybridization.
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as viewed from diamagnetic onset. in both the reaL part At (Fig. 2a) and the DC susceptibiLity
(Figure.2b). With an increase in Hi content the Te suppresses to beLow4K for 2iIt"A. doping and 5~
Ni doped sample is not superconducting. On the other hand for Co substitution aLthough Tc is
decreased to 12K and 6K for 2at"1o and 5at" samples, the relative depression is much smaller than
as for Hi substitution. These resuLts are depicted in Figures. 2(a) and (b). The large suppression of
Te by Ni substitution is directly related to the Vlriation of'lf lattice palllmeter of doped system and
hence large disorder in case of Ni than for Co doping. SummariLy our results indicate that disorder
plays an important role in suppression of superconductivity in FeSe1/2Te1/2 supen:ondLLctor.
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as the particle size increases loss peak temperature shifts to higher value suggesting decrease in the
pinning force density.

In conclusion magneto-transport measurements suggest that as the particle size is varied
inter-granular parameters in general get more affected than the corresponding intra-granular ones.
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Some theoreticaL modeLs are needed to be applied to detennine the upper criticaL field vaLues irt
Low tempelatures. By applying Ginzburg-lindilu (GL) equation [4]; Hc2(O) for 5-wt"Ie n-SiC doped
sampte is found to be about 33.2 TesLa while the 5ilme is just nearly 16.1 Testa for the pure MgB,
sampte of second batch (T5-750·C). Among aLL the four batthes second bitth demonstrates the
superior Jc(H) performance (see Figure 2). The Jc is 16 times higher than pure one in case of 5-wt"
n-SiC doped sample and 30 times higherforthe 10-wt" n-SiC doped sample at 5 Kin 8.5 Tesla field.
The Jcvalues are 1.08 x 102 Ajcm2 and 1.22 x 103 Ajan2 at 5 Kin the high field of 12 Tfor 5-wt"
and lo-wl"Io n-SiC doped samples respectiveLy.

Consequently, we can SlY that two factors are responsibLe for the best performance of n-siC
doped SlImptes of Low sintering temperature: Csubstitution for 8 induces disorder in lattice sites,
increase in resistivity and hence improvement in He; hence in Jc and Low temperature processing
results in reduction in glllin size. extnl defects and embedded inclusions such as Mg,5i Ind unrelcted
n-SiC that enhances the flux pinning [1-3].
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The heat capacity of C,.(7) of the both studied samples NdCoPO and SmCoPO are shown in Figure
4. The expected Sm T, (AFM) is seen as a peak in C,(1) at 5.4K.. and for Nd the SlIme is below 2K in
SmCoPO and NdCoPO respectively. The CIT YS T plats slope change first at around &OK, which
roughLy coincides with the FM ordering of Co spins. With further lowering of temperature the C/Tvs
Tplats slope change It around 20K and 15K wTth ashallow broad minimum respectiveLyforSmCoPO
and NdCoPO. These temperatures TOughLy coindde with the complex AFN orderlng of Sm"'·Co"! and
Nd"i'·Co'" interplayed matrix. It seems the Srn/NdCoPO undergo three magnetlc trlnsft:Ions te., T

GQo

(--801<), the Sm"'·Co'i Ind Nd4l..(o"l ill'b!rplayed AFH below 20K and flnally Sm" and Nd" spins
individuaLAfH lit 5.4K and below 2K respectiveLy.
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quenched Ample. The 500"( quenched 5CImpLe though abo exhibited some sign of superconductivity
in 2FC transition below say 10K, but the diamagnetic volume fraction seems vetY smaLL

OetaiLed Reitveld analysis of the XRD patterns ofvariousLy quenthed FeSev.Te"" supercondllCl:DT
dlrect1y relates the extent of Fe. Se, and Te sites disorder to the appearance/disappearance of
superconductivity in this syslJ!m. In conclusion, our results indicate Fe.. Se Ind Te stu! disorder
dependent superconductivity in FeSe""Te."...
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SINIiLE STEP SYNTHESIS OF NdFeAsOIl.IOF0.110 BULK SDK SUPERCONDUCTOR
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We repart an easy singm s1IIp synthesis route of tlt1e compound NdFeAs0uoFUIl supermnductor
having bulk superconductlvlty below 50 K. The title compound is synthesized via soLid-state reactlon
route by enCipsuLation in an evaClllted (10-> Torr) qlllrtz tube. Rietveld alllLysis of powder X-ray
diffncljon data shows that compound crystallized in tHnIgonaL structure with splice group P4/
nmm (Fig.l). R(1)H melsurements showed superconductivity with T. (R-O) at 48 !C (Fig.2) and a
VP!r'J high upper critical field (H.J of up to 345 Tesla (Fig.3). Magnetic measurements exhibited bulk
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""Rg.l XRD Ind Flg.Z R(I) of NdFeAsOF ilnd NdFeAsD.iu

superconductivity in tenns of diamagnetic onset below 50 !C. The lower critical field (H..) is around
10DD De at 5 !C. In nonnaL state i.e.. above 50 Ie. the compound exhibited pulety paramilgnetic
behilVior ilnd thus !\lUng out the presence of any ordered FeO. impurity in the mabix. In specific
heat (c,) measurements ajump is observed in the vicinity oFsuperconduc:ting transition (TJ along
with an upturn at below T-4 !C due to the AFM ordering of Ne!'" ions in the system. The Thermo­
elecbic power (lfP) is negative down to To' thus indicating dominant arriers to be of n-type in
NdFeAsOuoFo,a superconductor. The granulllrity of the bulk superconducting NdFeAs0o.lu 5.lmpLe
is Investlgated and the intra and inter grain contributions have been individuated by looking at
various amplitude and frequencies of the applied AC drive magnetic field 11].
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ENHANCED GRAIN.(OUPUNG AND TRANSPORT CURRENTS OF BSCCO
SUPERCONDUCTOR WnH NANO-SIZE DOPANTS

NII1N KUIlAIl. Suw BIIA/j, I..lMlEEl" TYAGI AlII P.LUPI\DIIYlI'f

National PhysicQ/ Lamto1)l. Dr.K.5.Krishnan Road, New Delhi 110012
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Despite their superlQr intrinsic characb!rlstlcs, the high tempel'lltllre supermnductors have not
been &bit: to mltth the widespread utility of conventionaL Nb-based superconductors in pl'llcticaL
devices, partiwlarW those using the Long-l.ength wires of these materials such as the high field
superconducting magnm. The reason for this Limitltion is the dl'llstic drop in criticaL currents at
the grain-boundaries. The phenomenon has been extensivel,y investigated, both theoretically [1-3]
and experimentally whereby efforts are directed to improve the coupling across mismatched grain­
boundaries. In recent years, nano-size dopants have proved extremel,y beneficiaL in nrising the
criticaL wrrent density of YBa"CU,O,.,. by drastically improving the flux-pinning properties [4]. This
paper reports the effect of nano-particlt: inclusions on the properties of the Bi-based Bi-2223
superconductor iillnd iii marked increase in trilinSpolt criticaL current density Jc, has been obserwd
both it 17K iilnd at 4.2 Kwhen doped with nano-Mo. Simples of Bi-2223 were prepared using the
nominiilL composition of BiLlPb...,5r.Cii.CU.O. to which nano-Mo ( - 100 nm) was added. The
Cilrbonrtes and oxides were caldnated iilnd sintered at 8'i5 "C for - 65 to 100 hours using the
stillndard soLid sI:iite diffusion process.

In another iilpproiIch. composites of Bi-2223 with nano-Mo were prepared by adding 1-5 wt."
Mo powder to the pure un-doped BiLlPb....,Sr.Ca.eu.O, iilnd sintering the pellet at 4OO'C only. The
inawe in T,with doping is onl,y marginaL (Fig.l), but the enhancement of J,.both at 17K and 4.2
K(measured on a _1 x4 x 40 mm sample-strip and I, defined by the llJV/cm criteria), is quite
noticeable (Table 1). This is accompanied with an improvement in the inter-gnrin coupling in the
same samples as indicated by the width and positions of C" peaks of the complex part of the a.Co
susceptibility (Rg.2). A. preliminaty analysis suggests that the improved inter-grain coupling could
be responsible for the increase in overall transport current density as a result of better Row of
super-current aao.ss the grains in samples doped with nano-Mo. Whether there is any contribution
of the nano-SCille dopant on the fiIlx-pinning properties and thereby enhancement ofJc , however,
is not vety clear and is being investigmd. -c._.... ..,..­..~., .......-... ... ..~.. .. -.......,­.' . ..
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STRUOURAL. MAGNETIC, MAGNETO-TRANSPORT AND
CHARGE ORDERING PROPERTlES OF BiIl.kPraClIl.4MnOS (0 ~ x < 0.6)

PEROVSICITE MANGANITE5
K.oosH YAIJIIl, G.O. V_

Depaltment af Physics. IndiDn InstitJJte af Tedrno~ RootItBe-247667, IndiD
EmQil: gdvtJrfph@iitT.emet.in

In the past few years, doped perovskite manganites have been intensively studied to understand
their electriaoL and magnetic properties. In these mmrials, the magnetoresistance effect, mmL­
insulator tnnsition, orbitllL ordering, charge ordering, double exchange interaction, e1:t:. can be
changed over a wide range by different doping Levels. Bi,...Ca"MnO. (BCMO) constl1lJtes a velY
interestlng but Iess-studied system. Eal1.y experiments showed that the system is insulating DYer a
broad region of Ca doping 0.2<lC'Cl.0. An interestlng property of Bismuth-based manganites
(Bi•.AMno, A.- Ca, 51) is of a \/l!!1Y high charge ordering tlimpelllture (1,.). Bi" ions have been found
to push T,. up to 550 Kin Bi..,sruMnO, while Biuea...MnO, displays T,. ... 325 Ie. In contnrt with
rare-earth-based manganites, bismuth-based manganites have not been extensiveLy studied due to
the lack of an appreciable magnetoresistive property.

In this present work, the effect of Pr-doping on the charge ordering (CO) state in Bi....
IrxCa.}lnO,. where x-O.OO. 0.10. 0.20. 0.30. 0.40. 0.50 and 0.50 has been investigated by
transport and mig11etic meaSUll!ments. PolycrystaLLine Bi.....Prxea...MnO. samples are~red using
the standard solid -mte reaction route. Stoichiomebic precursor powders Bi,O•• CaCO.. and Pr.O"
and MnO, are mixed and ground to get highly homogenized powder. The re5uL14lnt powder is then
aoLcined for 12 h at BOO*C. This powder is again reground and calcined at 850"Cfor 12 h and then at
llOO"C for another 12 h with intermediate grinding. After the finaL grinding, the powder is pres:sed
into rectangular pelll!l:s with the dimension of 12.0 117.O>c 2.0 mm·. The pellets are sintered at
1100'C for 24 h. The synthesized samples are examined by x-ray diffraction (XRD, CuK.J for
determinatlon of aystaL strucbire. ResistMty as a function of tempelllture is measured by a standard
four probe lMthod without or with magnetic fleLds (0-1 1). The DC magnetlzatlon measurements
are done using a SQUID magnetometer. XRD patterns indicate that all samples are orthorhombic.
The unit cell volume decreases with increasing Pr content because smalllir Pr'"(1.126 A) ions
substitut:e larger Bioi (l.17A) ions.
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Fig. 1:EPR~ gf Ni"CIlJrFe,O, Fig.2: Mil!l"riitmeu~enb gf Ni.CcI(1 Fe,D,
(x _ 0.5, 0.75 and O. (... x_ 0.5. b _x_ 0.75 Ind C-x- o.1i)

Ind g-value of the narrow siglllll increases with increlSing nickeL con1:f:nt due to the strengthening
of magnetic intEractions among particles which inaeases the effective magnetic moment originating
from the VlIriation in spin structure.

The magnetization h}l5telesis loops of these Silmptes exhibits strong magnetic nature at room
temperclture. The coerdvity and saturation magnetization were found to detIHSe with increasing
content of Hi"' which was attributed to large magnetocrystalline anisotropy.
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Sl'RUCTURAL AND MAGNErIC CHARACTERIZATION OF NANOCRYSTALUNE
Pr~r,.MnOJ (0.40 ..:; x ..:; 0.60)
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Recentl,y lieveral experimental imd theoretical studies have focused on the exploliltion of grain
liize effect on the litructural. magnetic and magnlrtotrillliport properties of alkaline srth doped
rare earth peTOVlikite manganites, chemically repreliented by REJ.E.MnO. (RE-Rre earth cation and
A&-aLkaline earth cation) [1-4]. Since liize reduction leadli to increased contribution from the
liUrface regionli, the broken Mn-G-Mn bonds are indeed expected to haw a definite impact on
magrreto-electrical properties in manganiteli. It hiS been shown that in nano-manganite5, size
reduction below -100 nm rendefs the charge and orbitall,y ordered (CO-OO) ground state with
unstilble antiferrumignetic (AFM) spin order, giving rise to i ferromagnetic (FM) ground state [3].

In the Prelient weni(, we have studied the effect of Sr content on structural and magnetic
properties of nanocrystalline Pr,..5r)lnO.(...o.40. 0.50. 0.55 and 0.60). The nanocrystalline Pr..
.sr,MnO. (PSMO) sample are synthesized by pol,ymeric precursor based sol-gel route. Structural and
microstructural characterizations are carried out by powder X-ray diffraction (XRO) and scanning
electron nriaoscopy (SEM). Magnetic characterizations are carried out by measuring the temperature
dependent ac susceptibility using the lock-in technique.
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TEMPERATURE DEPENDENT JUNcnON MAliNElURESISTANCE BEHAVIOR OF THE
NI NANOPARTlCLE IN TiN WITH p-Si HErEROJUNcnON

J. PAMJA., 5. UwroMIIHYll'l', T. K. N.oJII

Depattmont of Physics and~ Indian Institute of TechnolDgy Kharogpur.
WastBengal,. 721302

Email: pondtJ.phY@gmoil.crnn

Nimocrysti,Lline nickeL particles embedded in ayRalline titimium nibide (TiN) matrices shows
good magnetic properties illong with anomalous HaLL Effect behavior [t]. As the nanocrystaLline
nickeL pilrtides embedded in ClY5taLline titanium nitride (TiN) mitrica hive good magnetic behavior
as well as good conductivity. this t;ln be a good andidate for magnetic electrode in spintruniC$
device family. In this work. we hive ple5ented the tempercrture dependentjunction rnil!Jl1etoresisl4lnce
(JMR) behiVior of nan0tJY5taliine nickeL partides embedded in crys:\4lLLine titanium nitride (TiN)
matrices on Si substrate where Ni nanocryst:aUites are setf-assembLed and epiWialLy grown. This
heterojunction ofnanocrystalline Ni particles embedded in crystalline TiN matriceswTth p-Si exhibits
diode !ikeexcetlent rectifying behavior in the temperature range of77-300 K. The I-V characteristics
with and without externaL magnetic field have been studied in the temperature range of 77-300 K.
The gDDd rectifying diode Like charactersics has been observed with positive magnetoresistante at
77 lnd 200 Kand negative magnetoresistance at 300 K.

Nlnocrystalline nickeL particles embedded in a mfiallic TiN matrix thin fUm have been grown on
p-SI subrtnltri using the pulsed laser deposition technique In a high vacuum environment (-5 "lit'
Torr) lit 600 ·C substn1:li tempen'b.lIe. The energy density and the repetition rm: of the laser belm
used were 2J fcm' and to Hz. respectiveLy. The size dislTibution of Ni particles and the crystalline
quality of both the matrix and the magnetic particles were investigltlid by cross-sectionaL high­
resolution sCinning tnmsmission elt:ctTOn microscopy with atomic number (l) contJ'llst (STEM-I)
and Lowtemperature I-V properties have been carried out using a source meter (Keithlt:y-2612) and
temperature controller (Lakeshore-331).
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FIG. 1.(1.) A tI'05S-Sl!!dionaL 5TE.lI-Z image,. (b) its
eIlJlIIIded view, (c) htglH5llutlan 5TEM-lCll1llrl.sl:trnage
of textured Ni niinocTY5tl1llttes wlth triangulilr
morphology, ilnd (eI) with reclIIngular mor,hology.

FIG. 2 I-V behavior of TiN(Ni)fp-Si hmrajutlion at
dtl'MnI!rrt temperatures without applied InlIgnetfc field.
Inset shows the wrtiltion of rnagnel:llTesisti.nce with
applied field up to • T.
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HYSTERESIS IN SUPERCONDUOING SHORT WEAK UN1(5 AND Jl.-5QUIDS

o. HAZM', L PMC/d.·, H. Courrol5', A.. Ie. GUI'TA1

'Department uf Phpia. IndiDn Institute of Technology.. Kf/npur - Z08016. India.
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A micron-size 5uperconductlng quantum inte1ference device (Jl-SQUIDj consists of two
5uperconductlng D¥m bridges or weak Links (WL) [1] of dlmension of the order of the coherence
Length, in parallel,. funning lllDop with are.a in the}£lll' range. Asuperconductlng single WL behaves
ve1Y much Like a Josephson junction [1] with the supercurrentapproxlrnateLy glven byI. I, sln(8).
where I, is the altlcaL current and 8 Is the phase dlfference across the junction. When two such
junctions are fabrlated in paralleL in a SQUID, interference between the two aJlTe11t branches glves
an osdUatlng behavior of the aitlcal aJlTe11t I, wlth the extemal magnetic field [2]. The fIIIx
period is equaL to the n.ux quantl4lo_ 2.05 • 10- 10 T.m'. ThIs makes the SQUID a \/l!1Y sensitive
device to measure magnetic fleld. While the nux sensitlvl1¥ achieved by conventionaL SQUIDs is
better than 10-' 4>l tJHz, for a IL"SQUID, it has on~ been about 10-4 4>,tJHz 13]. SQUIDs have
been used to study the magnetlzatlon reversal [3] of an isolated magnetic nano partlcle.. the
persistent aJrTent in phase-eoherent rings [3, 4] and also in scanning SQUID microscopy [5].

An improved sensitivtty of II-SQUIDs would be useful for probing fl!:rromagnetic partlcles of
smaller size or magnetic nano partlcles where surface spins of the particles play In important role
[6]. Other than the sensttivity, the hysteresis in II-SQUIDs aJm!nt-vol.tage (I-V) d1alllcteristic (see
e.g. Ref. 5) is a major hurdle IS it (1) incn!lSes the measurement time, (2) complicllte5 the
measurement electronics, (3) chlnges the temperature of the sample placed in close proximity with
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FIG. 1. Experiment1L (blal:k) Ind numerical. fit. (red) of normalized I-V curves for (t.) Sample lind (b) Sample 2.
(e) and (d) COTTllSpCInd til the fitting ofth. tllmperatuR (bath) dlJllmdenDi ofthl retri.pping CUrrtlnt ofSamp!l

1 t.nd 2. Blue CUMl in (d) shows I comparison with eIIIrlier model by Skocpol et IL [7].
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MOKE INVESTlGATlONS ON spurnR DEPOSITED FM/Af SYSTEMS GROWN ON
DIFFERENT SEED LAYERS FOR BOTTUM PINNED MAGNEIIC TUNNEL JUNcnONS

HDIAltSHu FULAItA. SwEEr Qw.oHARI', SuIIlASH C. 1CAsHw, D. K. PANDYA

T1rin Rim LabonItDry. l/epmtmInt of Physics.
Indian institute af TechnoiDgy Delhi, New Delhi 110016 (India)

EmtJil: sujetlt£@physics.iitd.QC.in

Ferromagnet (FM) and an liiLiFeliomagnet (AF) layers are inl:l!graL part of magnetit bJnneL
junctions (MTJs) employed in spin-electronic devices such IS magnetic sensors and non-volatile
magnetic random-access memories (MRAMs) [1]. Exchange bias is key to the perfonnance of MTJs
[2]. In the Pl'l!51!nt work magnetic propertles ofIrMnjCoFeB or /COre systems (as deposfl:ed IS well
IS magnetically annealed) grown on seed layel'J (Cafe and Cu) [3] are investlgmd by Magneto­
Optic Kerr Effect (MOKE). Bottom pinned Si/seed CaFe(t _7, 10, 15 nm)jIrMn(15 nm)jCoFeB(lO
nm) and Sijseed eu (t -0, 11 nm)jIrMn(15 nm)jCoFe(lO nm) systems wen! depositEd It room
tempel'lture by using difl'enmt sputtering techniques (Pulsed DC magnetron sputtering and Ion
heam sputtering). The thicknesses of the Layers were estimated by X-ray refLectivity (XRR)
mssurements.

The h!rromagnetic layers ire found to be polycrysbLLine ind textured. Also, the grain size is
found to inoease with thickness of seed 'oFe layer. The FM layers of 'oFeB and 'oFe sepalGl:ed by
15 nm thin IrMn films remained directly coupled in magnetiCilLLy annealed 'oFe (too7. la, 15 nm)/
IrMn(15 nm)/COFeB(10 nm) .systems [figure 1 (i)]. The coercivity of 'oFeB layers Ciln be tuned by
seed layer thickness in the magnetiCilLLy annealed samples. The nonmagnetic seed layer of OJ in Sif
CU(11)jIrMn(15)/COFe(10) has shown strong affect. in magnetization reversaL mechanism, with a
Large increase of coercivity of 'oF! films [figure 1 (b)]. This study is promising in utiLizing the
bilayer stllck in 'oFeB and 'oF! based bottDm pinned TMR stnJctures.
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Fig.l(I):MOICE M-H laaps atSijtDFe (t)/Ir/oln
(15 nm)jtDFeB(10 nm) films magnetically

innulecL for 150 min.

Fig. l(b):MOKE M-H ItlDps atSi;tu(t)/
IrMn(15nm)jtDFe{10 nm) nlms magnetically

anneilll!d for SO ..tn,
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SJUDY OF PSEUDOGAP STATE IN NbN USING SCANNING
TUNNELING SPECTROSCDPY
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EmQil: ask@tifr.ra.in

We present the scanning tunneling spectroscopy (5TS) and transport measurements done on
thin films of 3-dimensionaL NhN films with increasing disorder. NhN samples with diffim!nt disorder
an! grown using reactiw magnetron sputtering' in the chamber attached to STM. Conductance
spectnl at each temperatull! an! recorded using modulation techniquelo" and all! awraged owr 32
points along 150 nm line. Magneto-resistance measull!ment:s all! done on same samples in a home
huilt cryostat. Figull! 1 shows the SIS measurement done on the four samples with incll!asing
disorder with T.-IUK, 6K, UK and 1.65K. The intensity plot in upper half of each panel shows
condLLctance spectra as a function of temperature, y axis being bias and intensity being IIOTIlIBLized
conductance while the Lower haLves of the panels all! resistance "'5. tempellltLLn! curves.

Fig. la) for the ordered film (Tt-ll.9K) shows superconducting hind gap in the conducl:imce
spectrum at low temperature while the gap vanishes above Tt (see the insl!t). While Fig.ld) ferthe
most disordered film (Tt-1.65K) shows thatgip in the dI/dV spectril BSSOdB1:ed with superconductivity
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Figun I: Sa.nrring 11lnneling spettrostopy dni. for four Simples with T, 11.91(. 61(. 4.111(. U5K. Upper hllf of
each Panels $hows normllized c:onchu:tlnce speetq IS I function of temperatuJe Ind lower hllf sho¥l$ the
c:orrespondlng TeS1stl1nce VI tempel'lt1Jre dim. The Inlets in eeth of the lowerpanelsshows the condudJInce spectrll
it dil'Mn!rrt I:I!mpm.tun!s. 5ec:ond III5!t in the pineL (d) shows !llJlInded view of the resistance Vs temperatull! it
the trilnsition.



10 (a)

7
" 2 345

kF'
6

F1gYn 2: (I)
Ph'="Orneno!ogiClll phlSlll
dilgnm showing the twa
energy 5ClIle5 Tand T" as a
function of k,L
(b) and (e) Reris\:iln~ Ys
temperature m!ollsu!ed atzero
"eld and 12T for the twa
5iIImple5 with
T, 12K and 1.6!iK rupectiwl¥

Te=12K

Tc"'1.6!iK

_12T
_DT

.. 6 8 10
T (K)

100

DD 2

100 (b)

SO

§: 60
II: 40 _ OT

20LI-...,J•.;-;:~';2T'do 4 8 12 18 20 24

4°O,7;:cT=,K:::'==l
300I(e)

q 200
~

pemsts even above the Te" The persistence of superconducting pairing correlation above Teas well
as on the insulating side of the disorder driven superconductor-insulatortransition has been observed
in the similar systems like TiN I. We obserw that the samples with high disorder (kJ<2. kJ being
Ioffe RegeL Parameter) shows the finite glp in the conductance spectra even above the T,Up1D the
chal'llct:riristic temperature T*. The glp observed in the spectrllhove the T, is callt:d Pseudoglp in
the high T, superconductor Iiterllture. Mlgneto-resistance mellsurement done on the sime samples
shows strong MR component upto the temperabJre T*. These obseMrtions strongly suggest that
NbN forms psedogap state in the high disorder limit.

The existence of pseudogap state can he attributed to phase fl.uctuation~ where in the presence
of strong disorder system segregates into phase disconnected superconducting puddles hence no
glohaLsuperconductivity. Magneto-transport observation (Fig.2) further support the phase fl.uctuation
scenario where it can be seen that for most: disordered film magneto-resistance pemsts aLL the way
upto T".
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ANISOTROPIC ANGULAR MAGNETORESISTANCE IN NbN-Fe-NbN
JOSEPHSON JUNCTION ARRAYS
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In a recent Letter, l we reported briefLy the successfuL seLf-assembLy of distributed NbN-Fe-NbN
JJs by VoLmer-Weber type pLaquette growth of Fe on [100] MgO, whose eLectricaL connectivity is
then tailored by NbN Layers of different thickness (d

NbN
). Here, in this paper we address how the

magnetic fLux-closure domains of Fe-pLaquette affect Josephson coupLing between the NbN Layers
through carefuL measurements of the anguLar dependence of magnetoresistance (MR).

The sampLes studied here consist of Fe pLaquettes (.....50 nm high) covered with NbN (d
NbN

= 10/
20/30 nm). In Fig. l(a), the morphoLogy investigated via scanning eLectron microscopy (SEM) show
formation of .....100 x 100 nm 2 area square Fe pLaquettes covered with NbN. The intra- and inter­
pLaquette NbN form JJs as shown in inset Fig. l(a). The effect of magnetic fieLd on the SC state of
the JJs has been investigated via anguLar dependence of magneto-resistance measurements. These
have been performed by rotating the direction of the magnetic fieLd (H) with respect to the pLane
of the sampLe as shown in the inset Fig. l(c). One typicaL MR response of 30 nm Fe-NbN sampLe,
obtained at 6 Kis presented in Fig. l(b) aLong with that of a pLain 30 nm NbN fiLm. The data for the
JJs pLotted for different directions of current (1+, { and IaJ shows two characteristic features in
stark contrast to the data for the pLain NbN.

First, both 1+ and { show an enhanced resistance (R) when the fieLd (3.5 kOe) is in-the-pLane of
the fiLm (8=90° and 270°), as compared to the resistance for 8 = 0° and 180°. SecondLy, at 8 = 90°,
Rr_is much Larger than Rr+, whereas at 8 = 270°, Rr_«Rr+. In contrast, the MR response of the pLain
NbN fiLm is independent of the direction of 1.

To understand this current poLarity dependence, MR measurements with H rotated in the fiLm
pLane have been performed [Fig. 2(a)]. Here, <I> is the angLe of H with direction of 1+. The average
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Figure 1. (a) SEM micrograph showing Fe nano-pLaquettes covered with NbN. (b) AnguLar dependence of
MR for Fe-NbN (30 nm) and pLain NbN (30 nm) sampLe.
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response (bold line) pl!i'l.ks when H is perpendlaJlar to I (eIl_!HI"& 270"). However, the R,. and R,.
separatl!Ly show Illrge asymmetJy in response at lIloollO' & 270'. We beLieve that the reason for this
strlldng behavior Lies in magnetlc domain structure of the Fe plllquetb!s.' Agure 2(b) shows a
schematic view of the magnetic flux-elDsun!! domains of one Fe plaquette in zero-field. In the
absence of externaL fleld. the indMduaL magnetic domains Ire of tqlllL !l:n!ngth. As the electrons
dimbs up these areas into the top NhN layer, they !IN spin polarized. The sime is the case for a
non-zero field H provided ell. 0" as shown in Fig. 2(e). In this case, the current: trlIVeIs eqUiL areas
of1r/2 out-of-pha5e domains while entr:ring and exiting the top NbN. Thus, we expect I fixed value
for resistance due to pair-breaking effi!ct5 in NbN irrespective of the polarity of CUm!nt. HoweYer,
when ell. gO' or 270' as shown in Fig. 2(d) Ind 2(e) respectively, the IlIIIgnNic dolllllins grow in
the direction ofHnthe expense of the ones with non-zero anti-paralleL componl!l1t ofmagnetization.
Thus, for Fig. 2(d), WI! argue that the electrons injected by I. to be strongLy spin polarized
(Ph<P,], resulting in I!I1hancement of R,.. Whereas, the ones injected by I. in this scenario are
weakly spin polarized, therefore the resistance decrMses with increasing 11l. At 11l- 270' [Fig. 2(e)l,
the situation is reversed.
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ENHANCED SUPERCONDUCTIVITY AT Lau8Ndo.•Sro."CuOJ La,.55SrO.•5CuO.
BILAYER INTERFACE
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'Condensed Motter- Low Dimensional Systems Laboratory, Department of Physics,
Indian Institute of Technology, Kanpur - 208016, India.
'National Physical Laboratory, New Delhi 110012, India.
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Anumber of recent experiments and theories have provided an insight into completeLy different
electronic properties at the interfaces between correlated eLectron systems as compared to the
properties of the parent systems. One of the unusuaL realizations of these effects is the interface
superconductivity at oxide interfaces [1-3]. In this report, we observe a Large enhancement (- 50
%) of the superconducting transition temperature (T,) in the biLayers made up of metaLLic overdoped
compound La,."Sro",CuO. (LSCO) and stripe ordered compound La,...Ndu Sro.12CuO. (LNSCO) as compared
to that of Nd-doped monolayer fiLm. This enhancement in T, is due to the superconductivity in the
interfaciaL Layer, as confirmed by our experiments. The X-ray diffraction anaLysis shows a Layer-by­
Layer growth of epitaxiaL biLayers on SLAO substrate with an interface roughness of - 1.7 nm. The
four-probe resistivity measurements show a T, - 13.6 Kfor the bilayer, which is about 4.5 K higher
than that of LNSCO, fiLm (Fig. 1).

The temperature dependent criticaL current data of the bilayer can be assumed to be a combination
of two contributions: one from LNSCO Layer and the other from the interfaciaL Layer. Further
evidence for the interface superconductivity can be found out from ac screening measurements
with a two-coil mutuaL inductance method similar to the one described by Jeanneret et al.[4]. The
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FIG. 1. The in-plane resistivity p(l) for LNSCO (red) and LNSCO/LSCO (green) films. The inset shows p(l) for LSCO
(blue) film in addition to LNSCO and bilayer films. For clarity, the data for LSCO and bilayer films are multiplied by
a factor of 3.
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FIRST PRINCIPLES CALCULATIONS OF mUOURAL, ELECTRICAL AND
MAGNmC PROPERllES OF MULTlFERROIC SrTiO; BiFeO] MULTlLAYER

STRUCTURE
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Material designing based on artifidilllayered structures hilS generated enonnous interest latel¥
due to the possibility of evolving extraordinary and novel functional properties which are not
necessarily present in the respective bulk systems. In the present work. we report the results of
first principles calculations of strucb.lral, electrical and magnetic properties for Srli0,l BiFeO, (STU/
BFO) multilayer using generalized gradlentapproxlmat:lon (GGA+U) coupled wtth Hubbard parameter,
U • 4.5 eV. We employed the s1mplffled,. rotationally invariant approach Introduced by Dudarev to
include Hubbard palllmmJr in our Cllculations. We slJlrtr:d our calculations with the experimental
lattice parameters and symmetJy ( Pm3m) of bulk SrliO,. Keeping the Pm3m symmetJy of bulk
STU, we stacked altemate unit cells of STU and BFO with lattice palllmlrtf!rs identical to tIlat of STU.
The bottom and top layers are of STU. Fig. t(a) shows a schematic of such layer structure. For our
calculations, we chose a 40 atom "2 " -.12. " 4 superceU constructed from tile layered slrucbJre
described above. Fig. l(b) shows the structure of the supert:ell considered in OUT calculation. The
strucbJres with all possible spin configurations, nilmel¥ ferromagnetic (fM) and A. Cilnd Gtype
iliitifenomilg~c (AfM) spin configurations, were further relilred such thilt the HeLlmann-feynman
forces are less thin 0.001 eV/A and pressure values on structures ire almost zero, OUT calculitiOIl5
suggest G-type ilitifenomag~c strucbJre with in-plane lattice parameters, a· b • 3.885(i Ais
ttle ground state
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Fig. 1 (Il Schemiltic dilglilm of Iltm1lm ~r5 of SrTi03 and Bife03 li)ws. (b) -.J2 " -J2 ""

slIJ)ercel Ml;h lattice perameters and site symmetry of SrTi03 where Ti02, SrlJ, fe02 and
BIO IayeIS Ilutal:ked seqlll!ntlll1¥ I:ll res~lt In STO-BFO multllayer.
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ACOUSTIC PHONON SCATTERING LIMITED MOBILITY IN A BILAYER GRAPHENE
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The reaLization of bilayer graphene (BLG), by mechanicaL exfoLiation of graphite, has aroused
the great interest in the study of its eLectronic transport properties because of the tunabLe energy
gap and an unusuaL quantum HaLL effect [1]. Because of the interLayer interaction, the BLG has a
quadratic dispersion with finite effective mass m of the carriers with chiraL character and zero
energy gap [1]. The key property of interest is its carrier mobility for the fast eLectronic transport
devices. Very recentLy, carrier scattering due to impurity and mobiLity I.l are studied theoreticaLLy
[2,3] and experimentaLLy [2]. If the impurity concentration can be reduced significantly, then
acoustic phonon Limited mobility I.lac can be significantLy high, particuLarLy around room temperature.
I.lac has been studied in detail in monoLayer grapheme(MLG) [4]. In the present work we study
theoreticaLLy I.l empLoying the BoLtzmann transport theory [5] considering the 20 carrier interactionac,

with 20 acoustic phonons (of wave vector q and energy wq) via deformation potentiaL coupLing in
BLG [6].

In BLoch-Gruneisen (BG) regime q« 2k
f

(kf =-vnn is the Fermi wave vector and carrier
concentration n) and Wt=kl. Then mobility is given by l.l ac(BG)=[2err/2 6pVP3/2]/
[m2D2(kB7)44!~(4) where, D is the deformation potentiaL coupLing constant, ~(n) is the Riemann
Zeta function. In equipartition (EP) regime, scattering is quasi eLastic, wq«Ef(Fermi energy), and
the phonon distribution function NqH=Nq+1 H=kl/ wq' l.lac(EP)=(2.545nep 3vs2)/(4m2D2ki).
For illustration we use the following graphene materiaL parameters: m=0.033mo' p=7.6x10-8 cm-2,

vs=2x106 cm/s and D=20 eVe l.l
ac

(BG) ~ T -4 and n3/2 as compared to l.l
ac

(MLG) ~ T -4 and n1/2 [4].
I.lac ~ T-4 is a manifestation of 20 nature of acoustic phonons and I.lac ~ n3/ 2 is the resuLt of paraboLic
nature of the carriers dispersion. However, in conventionaL 20EG l.lac~T-5 and n3

/
2

• The ratio
I.lac( BLG)/ l.lac(MLG)= (n 2n)/( m2v/) which gives ~ 0.4 for n=1x1012 cm-2

•

In EP regime, interestingLy, momentum reLaxation time T(E
k

) is independent of energy and it is
attributed to the constant density of states of the carriers in BLG. I.lac~ T-1,which is same as in MLG
but it is independent of n in contrast with n1/2in MLG [4]. We caLcuLate HaLL mobility I.l

H
using Eqn.

(37) of Ref.[5]. In Fig 1 we compare HaLL mobility I.lac vs T with those due to ionized impurity
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Fig 2. Hall mobility 1.1 vs temperature T.

"U 11 l:ll
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X-RAY REFLECIIVITY SlUDIES ON ION BEAM SPUTTERED 511

CoFt!B(6nm)/MgO(3nm) AND Si/MgO(3nm)/CoFeB(6nm) BlLAYERS FOR
SPINTRONIC APPU(AnUNS

Ill. Rr.Ju. Swm CHAuDHNII'. D. K. PANIPrA

""" Film Labomtoly, Department of Physia, Indion Institute of Technfllogy DeJJri
New Delhi 110016 (INDIA)

Emoil: rqjuhcu519@gmaiLOJm

The MgO ind CoFeB hive emerged important materials in magnetic tunneLjunctions(MTJs) [1].
with CoFeB acting as ferrumagnetic (FM) electrode and MgO as insulating barrier. The tunnel
magneto resistance (TMR) in these systems is sensitive to the qU41L~ of the insulating barrier, FM
electrode. interface between FM electrode and barrier, l!tc. In tile present work, we have deposited
bilayers of Si,IMgO(_3nm)fCoFeB(-6nm), Si,ttoFeB(...finm),lMgO(_3nm) on n-type silicon at room
temperature (RT) lI5'1ng Ion beam sputtering technique. The workfng pressure Is malntalned at
1.3do-' torr and the base pressure was 8x1o-' torr. The x-ray refu!ctIvt1;y (XRR), being I non­
des1:JUctive and powerful tool to study the intr:rflces of buried layers in multilayer tflin films have
been used to investigate these bilayers.

The oxidation of IIIg to fonn MgO is done in tilTH different mlrthods; (a) Ion assisted growth of
"gO (SQ1-I. SMC-I) (b) Rsctive sputtering of"g (SCM-R. SMC-R). and (c) Po5t oxidation of ultril
thin"g in oxygen environment (SCM-PO. StolC-PO). FiguTl! 1a and bshow simulated and experimem.l
XRR profiles on two ion beam sputtered SifCoFeBJMgO stadcs in which MgO is formed by post
oxidation and reactive sputtering. respectively. This simulation yields the insight (at atomic level)
ttl the inl:l!rface in these nanomlrtric bilayers. Detailed resulls wiLL be presenl:l!d during the conference.
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EXPERIMENTAL OBSERVATION OF NEUTRAL MODES IN THE FRAO!ONAL
QUANTUM HALL EFFECT REGIME
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In the fractionaL quanbJm Hall effect (FQHE) [1] regime current propagates along the edges of
the two-dimensionaL-electron gas (2DEG) via chiraL edge modes with a chiralit;y dictated by the
appLied magnetic field [2]. For some fractionaL states (the 50 called holes-eonjugate states), such
as lk<v1<1 of the Lowest Landau level and in particular 11)-2/3 (where II) is the filling factor) early
predictions suggested the presence of counter propagating modes on each edge of the device [3,4]
- a downstream mode witfl the expected chiTliIity, and an upstream mode with an opposite chirality.
Since experiments could notfind the upstream propagating edge modes [5]. Kane & Rshersuggesred
[Ill that in the presence of disorder and interactions edge reoonstruction may take place resulting
in charge modes accompanied by neu1Jll1 modes - with the latter canying on~ energy. Moreover, a
neutnlL up!1ln!am Maiorana mode was also expected for selected wavefunctions proposed for the
even denominator state u~ =5/2 [7,8].

Here we report on tfle direct obseMrtion of upstream neutraL modes in bulk filling factors
u~-2/3, u,-3/5, u~-S/3 & u.-5/2 [9]. This was done by allowing these modes to be partitioned by
I qUlnbJm point contact (QPC) constriction and by measuring tfle resuLting shot noise. We observed
tfle following effects: (Il When on~ the neu1JllL mode was partltloned, no net anTent was detecb!d
at the measuring amplifier, however shot noise proportionate to the volUge appLied on the injecting
contact was detecIl!d. (b) When simultaneousLy partltloning a charge mode and a neutraL mode,. the
presence of the neutral mode affected significantly the charge and the temperature of the tunneling
quasiparticle! of the partitioned charged mode.

These observatlons unambiguousLy point towards tt1e existence of upstream neutraL modes. In
particular, for the U,_S/2 fractionaL state, this observation may single out the non-abelian
wavefunctions for the quasipartides.

"

........- ,""

I

(b)

flgl, (a) EKcess noise and (II) electron tempm.ture of quaslparticles of marge mode I!I a
function of neutr1.1 mode aJrmlt in filling factor n-2f3.

".









PF·2

THICKNESS DEPENDENT PROPERTlES OF Lall,]sPrIl.2JSClII.]JSMnOS THIN RutS
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We present ttJe stJuct:ulll~ transport and magnetic properties of phase sepafll'b!d manganil:e
La...",jr.ea..."MnO, (LPCMO) with y. 0.275 epitaxiaL fllms of 30, 50 and 100 nm thickness grown
on (110) orierrt:a'b!d STTlO, subs1:rlIt:e wtth 20 nm of NdGaO. as abufli!!r Layer. The relaxation behavior
of LPCMO has been investigated through resistMty and magnetization measurements, which shows
a slow relaxation. This relaxation fuUows a logarithmic dependence and decrease in the resistance
indicates the evolution of the sample to a more ordered state with time. Above the metal to
insulator transltlon (T",> the magnetization is decreaslng with time while it increases below the T..
As tfle film tfliclcness is increased, the strain relaxes (-1.0'1'0 for 100 nm thick film) and the lattice
parameter of the film approaches to the bulk value of 0.384 nm [1]. In reslstlvlty p(1) plDts the
~ct of this strain can be seen 15 a shift In the metalm Insulamr tTansftlon, as the thicker fllms
have higher value of T....
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Fig.1: The 9-29x-AY dilfuction pattern farvarying thickness of LPCMO film. which dearly sllllws iIIe
30 nm thin film hIS tile smillm c-axls Iattke parammr (..0.372 am) Ind IS the thlcknlW Is lncn!ased,

it approaches dose to bulk 1i.tt1Cl! pm.meter (..0.3114 am).
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SUCCESSM PHASE TRANSITlONS IN NH4HS04
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Temperature dependent Raman spectroscopic studies on NH.HSO. single aystaL were eallied out
in tfle tempeTil.wre range 298-77K. A. phase transition from paraeLecbic to ferroelectric phase was
obselVed around 263K which is second orderin nabJre. The second phase lTcmsition from ferroelecbic
to piezoelectric phase was observed around 143 Kwhich is first order in nalllre. The spectraL data
are used fur desaibing the nature of strucb.lTaL disorder to order transition across ltle transition
point leading to phase trilnsition in NH.HSO." NH.HSO. is an acid sulfate which exhibiu phase
trinsition at low temperature [1]. The room temperawre aystaL strucbJre ofNH.HSO. is monoclinic.
The structure contains two types of chains of crystaUogTi.phic NH.HSO. umb where HSO. ions are
connected with short O-H...Ohydrogen bonds and funning one dimensional long polymeric chain.
One chain contains disordered structure of HSO. ion with disordemess in oxygen position imd other
chain with ordered HSO. chain sbucture. Interestingly. after phase transition the disorder chain
structure becomes ordered with lower triclinic symmetry. Since one of the HSO. ion which invoLved
in polymeric hydrogen bond chain is disordered at 0 and HgystaLiographic sites so it is of interest
to study the internaL vibrations of Yilrious moleculir units iIS a function of temperature in order to
undeT5tand the mechanism ofchange in polarization and the dynilmics of sbucturaL phase transition
[2.3]. Good quaLity single oystilLs of NH.HSO. were grown by slow evaporation from aqueous
solution contilining equimolir qUilntities of the (NH.l.so. and H.so. at 3t3K.

The temperature evolution of the Raman spectra of NH.HSO. were recorded in the t8O'C
backscatterlng geometry. using a 532 nm exctI:atIon from a diode pumped frequency doubled Nd­
VAG solid state laser. Laser power at the sample WilS -8 mW, and a typicaL spectraL acqulsitlon tlme
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SYNTHESIS OF COBALT NANOPARTICLES BY PULSE LASER ABLATION
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Magnetic nanoparticLes offer some attractive possibilities in biomedicine. Firstly, They have
controllable sizes ranging from a few nanometer up to tens of nanometers, which places them at
dimensions that are smaller than or comparable to those of a cell (10-lOOlJm),a virus (20-450nm),
a protein (5-50nm) or a gene (2nm wide and 10nm long) . In the present study, cobalt nanoparticLes
have been synthesized by PLA of highly pure cobalt slice in aqueous medium of 5 mM sodium
dodecyl sulfate (SDS). The focused output of 1064 nm wavelength of pulsed Nd: YAG laser operating
at 40 mJ/ pulse, 10 Hz was used for ablation. The optical property of the magnetic colloids was
studied by UV-visible absorption spectroscopy and magnetic characterization by vibrating sample
magnetometer (VSM).

Fig. 1 represents the absorption spectrum of colloidal nanoparticLes. The spectrum reveals a
peak at 289 nm and another peak at 230 nm.

Fig. 2 represents tauc plot of as synthesized colloidal cobalt nanoparticLes in SDS.It has observed
that band gap of colloidal cobalt nanoparticLes is 4.77eV.

Magnetic measurements of the cobalt nanoparticLes were performed using VSM at room
temperature in the field range from -1500 to 1500 De. The typical M-H loop is presented in Fig. 3.
The inset of Fig. 2 shows the value coercivity is .....92 De and the saturation magnetization is ..... 0.40
emu/g, are much smaller than that of bulk. Similar types of results reported by Chen et al[l]. The
low value of coercivity may be partially induced by small cobalt nanoparticLes under the critical size
of superparamagnetism. A material with a low coercivity is useful in microwave devices, magnetic
shielding, transformers, and recording heads.
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THICKNESS DEPENDENT SURFACE PLASMON RESONANCE SlUDY ON
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We dtsCTlbe a simple experiment, along wtth tfleoretlcal ju!1liflcatlon on thickness dependent
surface plasmon resonance study on Ag nanostTUctured films of varying tflickness (200100 nm).
Using a cataLyst-free thermaL evaponrtion mlrthod, different thicknesses of Ag films were deposilEd
on tfle hypotenuse face of I rightangle prism. Aplane polarized Light beam (olrbrined from a 2 mW
He-Ne laser, .\-632.8 nm) was incident tflrough the prism on the back of the metaL film. At an
angle of incidence, a few degree greater than tfle criticaL angle for the total ilTb!rnal reflection, I
sharp minimum in the reflected light intensity is obselVed owing to tfle excitation of surface
plasmons. The minimum reflectivity pattern is assigned to the strong absorption response of the
surface plasmons excilEd in the Ag films. A correlation between the full widtfl at half maxima
(FWHM) along with thicb1ess variation will be diswssed.

,," ..ll.. ~+--~c*mell11l*"

Fig. : Asdleme r1f plilsrnon resonango using right Ingle prism.
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Zfnc oxlde (InO) Is one of the most promisIng materials for the fabrication of optoelectronic
devices operating in the blue and uttr:a-vloltt (UV) region, owing to its dlrect wide hand gap (3.37
eY) and Large exctI:Dn binding energy (60 meV). On tile other hand, InO is a commerclaUy available
material with advantages of Low cost, nontoxlclty and high chemicaL stability. TtrnlTY ZnCdO
semiconductor has great potentiaL appLications in short-wavelength optoelectronic devices. To
fabriCl1:fi optical devices such as laser diodes, band gap engineering is necessiTY and lnCdO is
regarded IS In ideal malEriaL for InO-based devices. By aUoying zna with CdO, which has a cubic
stJUcture and a naTTllwer direct band gap of 2.3 eV, the band gap of InO can be red-shifl:r:d to blue,
or even green light spectra range. Moreover, the incorporation of Cd into ZnO is very useful for the
fabrication of ZnO/ln,..Cd.0 h~unctions and superlattices, which are tfle key elements in ZnO
based light emitters and dmctors [1-3].

In this work, we have successfuUy deposited the Zn..,.Cd....O tflin films by electro deposition
method on ITO substrilte and to Chalilcrerize them for 5l:ructum,. morphological and optical properties.
X-ray diffraction pattern ofZn.."Cd....0 thin films in is grown state and annealed at 400·(,. 500·C
imd 6oo·C are shown in Fig. 1. The X-lilY diffraction study revealed tflat Zn...Cd.O films exhibit a
wurtzite structure with a strongl,y (002) p,eFened orientation of their crysl:illlites. The effect of
imnealing temperature was studied on these films imd it has been found that decrease in crystalline
size results increase in cadmium concentration indicating the incorporation of cadmium in zinc
oxide lattice. Nanoftakes. entangled nanorods, and hexagonil filced nano pellets type nanostructurtS
ire synthesized by this electrodeposition method as shown in SBII images (Fig, 2), The presence of
cadmium is confinned by EDX analysis and effect of annealing is observed for the Zn..,.Cd....O films,
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fig. 2: SEM im;tges gfZnL"Cd.....O thin films annellled in lir Ii400, 500 and 600'C.

Moreover, the optical band gap of the films. determined from UV-Vis spectroscopy data, are
found 1:D be 2.38, 3.67 and 3.43 eV for 400, 500 and 600'( annea.lI!d fiLms.
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In the recent past.. the nanomagnetic materials have gained remarkable sdentific interest
owing to their interesting properties and a variety of applications [1]. The high coercivity of these
magnetic nanoparticles makes them interesting for applications in the fields of high-density magnetic
media. recording color imaging. felTOfluids. high-frequency devices and magnetic refrigeration [2.
3]. The surface to volume ratio of these nano-magnetic materials is very large as comJ)Olred to the
buLk due to which they exhibit unique properties such as spin canting. surface anisotropy.
5uperparamagnetism. etc. [4]. NickeL and zinc are known to have strong preference for the tetrahedral
and octahedral sites. respectively. making nickel ferrite a model inverse ferrite and zinc ferrite a
modeL normaL ferrite. Howewr. the composite Ni-2n ferrites are known to exist as mixed spinel
structure. The compositionaL variation in these fenites results in the redistribution of metal ions
over the tetrahedraL and octahedral sites. which can modify the properties of ferrites.

The properties offerrlte mll'b!rlals are known to be strong~ Influenced bythelrcomposltlon and
mlao!il:nict:ure that In rom are sensftlve to the processing methods used to synthesize them. In an
attempt to prepare high perfllnnance fl!rrItes with reprodudbll! stll'lchlommlc composltlons and
desired mlcro!il:nicture,. the present work almed at preparlng In-NI ferrltes using the soL-geL method.
The soL-qeL techniques fur fl!n1te synthesis have been proved to be more convenient. since the
fl!rrtI:I! powders wltll nano-stzed particles can be funned directly from combustion of drled In alr
[5]. In the present stJJdy, we use the soL-geL method to synthesize the reactive nano-slzed powder
In order to lower tile slnterlng temperabJre of In-NI ferrite. In this paper, we report on the synthesis
and stnJcturaL characterlzatlon of In,J4lfe.O, ferrltes (x. 0.2, 0.5, 0.1i & 1.0).

To synthesis the In-Hi ferrite powders wTth compositions of In,ftfeA (x _ 0.2, 0.5, 0.6 &
1.0) via by sol-geL method, the appropriate amount of nitrates was first dissoLved into ethylline
g~l to funn a mixed solution. Then, the mixed solution was poured into a dish and heated firstly
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Fig.; X-ray diffraction plttem of In,...Nije,O. (K - 0.2. 0.5. 0.6 6 1.0) nlllOpilrticlm.
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Nanotechnologies are creating new nano-dimensional materials and devices that find diverse
applications in the fields like medicine, electronics. and energy production. With the increasing
spread of knowledge. healthcare is in focus which includes ea-w disease diagnosis. drugs discovery.
etc. For these applications specific and sensitive dmction of various biological and chemical
species becomes cruciaL Among various nano-materials, nanDWire (NW) based bio-chemical sensors
are most exploited for the purpose. The NW sensors work on the principle of Field Effect Transistor
(FET) where charge associa1:l!d with the chemicaL and biologicaL species attached on the nanowire
surface acts as the chemical or bio-gate, hence the devices are also termed as CH9I-m or BIOFET.
For such sensing applications different metallic (Pd, Cd, Mo, Au, Ag, Cu) [1], metal oxides [2] and
semiconductors nanowlres [3-5] have been realized using various techniques. These processes can
be categorized In two categories, one 1s -bottom-up· approach where. the self-assembly of small
sized structures forms larger structures [3] using chemicaLvapourdeposltlon (CVD), electro-deposltlon
and other techniques. The other is "I:Dp-down- approach where, the large systems In! n!duced to
smaller sizes to produce multi-functional nano-strucI:lIn!S [4, 5].

This paper presents CMOS compatible silicon process technology to reiLize siLicon nanowires in
array format,. with cross-sectional dimensions ~ 50nm and Length in tens to hundreds of microns.
The devices have thin siLicon oxide cover on nanowires as the gate dielectric. The two ends of Si NW
an! integrated with silicon pads which are connected to metallic int:er-eonnects and pads that allow
interface to macroscopic instrumenb. The chips can be built with integrated fluidic channels or
open reseTViOUTS for the easy dispensing of analyt:es. AtypicaL SEM image of a nanowire chip is
depicted in fig 1. The sensitivity of such devices depends on various facts like cross-sectionaL
dimensions of the nanDWires, conductivity/ doping of the NW, dielectric thickness and surface
modification to attach the analytes under investigitlons.

Various bio-chemical applications results using these sensors like DNA sensing [6] for Single
Nudeotide Polymorphisms (SNP) and Heterozygous SNPs detection; analysis various ions like W

FlgUll!t: (I) SEM tmage Dfthesensor chtp showing slUcon ninowlll!51n an IlTIy 5JliIced at 21m Ind
with tndtvlduilll conncts (b) TEM tmage suggesting Mdi.ngulilr cross-sectlon Dfthe ninowlTl!

(t) Magnified IDguWSEM image of the amy.
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EFFECT OF ANNEAUNG ON LUMINESCENa FROM DEFECT STATES IN

Zno NANOPARTICLES
NIwIou GOSVIAMI. AlI5HlWAN SAHAI

Department of Physit:s and /tfateTitJ/. Sdent:e and Engineering. Jaypee IIIJtitut! of InjimllatiDn
Technology, A-10. SecttJr.62. NoidQ-201307. Indio

Emoil: nQVflndugDSwami@gmaiLaJffl

The significant properties of condensed bulk material are often observed at low ~peratllres.

Interestingly similar vitaL properties Cln be achleved at room temperature for nanommrlaLs. For
l!llample. tfle l!lldtonlc emission in various group n-VI semiconductor quantum dots can be ohsel"t/l!d
at room temperature. The dominant reason behind such advant1geous properties of nanostJuct:ured
materials is the quantum size confinement. Surface states is yet. anotfler manifestation of quantum
size confinement IS these new energy sbte5 appear in the semiconductor nanopartid.es due to
anharmonic potential neaT the surface. In this paper we study the effect of anneaLing on the
structuraL and opticaL properties of ZnO nanopartides and more importantly the cruciaL role of
defect states in the luminescence of pre- and post....nneaLed lnO nanOpolrtlcles.

We synthesized lnD nanopartides by a chemiClL precipitation technique without using any
capping agent. In this method. growth of nanoparticles is controlled by their pH concentration.
The annealing of nanoparticles assists in removing the carbonate impurities and moisture so as to
obtain pure ZnO nanocrystals. The wultzite phase ofZnO particles remains unaffected by annealing.
The size estimated by XRD, TEM and AFM all! in agreement. Furthennore, shape and size-distribution
of nanoparticles is also identical in TEI'I and AFM anal,ysis. The fonnation of pure ZnO nanoparticles
is also confinned by metal-oxygen vibration reflected in the FJIR spectrum. The quantum size
confinement in ZnO nanoaystals is evident through blue shift of band gap energy, as obserwd in
the UV-visible spectrum [1]. The size confinement and surface effects of nanoparticles not only
cause the increase in band gap but also influence the various optical transitions, such as luminescence.
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figUnl 1: Asthelllltic depictiDn of band strudun=. defed; sliItes and m1iative lmlsitiDMS in (al bulk zno. (II)
unannealed ZnO Nanopartides and (c) .nnealed lnO nan~rtides.
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Semiconductor quantum dots (ODs) hilVe drawn signifiCint attention in the lart couple of
decades as they are the basic elementli fur modem optoelectronic and spintronic nana-devices. In
the semiconductor quanl1lm dots. the electrons and hales are confined within the width of a
semiconductor layer of Iawer energy gap which is encircled by another semiconductor of higher
band gap. The confinement of carriers gives rise to noveL opticaL and electronic properties. These
nanostructures ire popularly known as core-shell quanl1lm dot (CSOO). SUch systems are expected
to show some improved fundament.tL properties which are different from a bare quanbJm dot due to
the strong conftnement effect In presence of outer most shelL

Present sbJdy i1ims to caLcuIa"b! the 1JlI.nsition frequenl.) fur ground to exciton state (wJ in I

CdSefZnSe core/shell quantum dot (CSOO). The calculation shows that the lJansition frequenl.)
reduces as the shell thickness increases. This decrease in transition frequenl.) indicates an expected
red-shift in opticaL absorption specl:ril which is compatible with the ~erimental obseTVitions fur
different CSQD [1, 2]. To incorpo~ the core/shell interface effect WICB approximition method is
taken into account to find out the exact WilW! function fur the CSQD system [3.4]. Exciton binding
energy (AJ is plotted here which shows an initial increase with inaeasing shell thickness. The
binding energy (4.) sabJrates after few monol.ayers of shell (FIg. 1). The red shfft:. 1n 1JlI.nsItlon
frequenl.) can be explained from the equatlon below.

...~,d). ['. -I••~,dl] (1)
Here a, d and t are core rildius, sheIL thickness and binding energy respectively. Eq. (1)

describes that. as the'binding energy increases with shell thickness, the transition frequenl.) reduces
and shows red shift in absorption and PL spectra. Biexciton binding energy (Fig.2) confinns the
exlstence of antlbondlng state In presence ofZnSe shell.
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Fig. 1: HRTEM Gd (a) 0.1, (b) 0.2 & (c) 0.3 Fig. 2: Particle size distribution

reLaxation time (T2) and Listed in TabLe 1 for as prepared nanoparticLes. In anneaLed sampLes the
resonance Line width, g-vaLues and spins concentration decreases LinearLy with anneaLing temperature.
The increase in Line width of anneaLed sampLe is originating from the gLassy behavior and surface
anisotropy at higher temperatures.. The spin concentration in as prepared sampLes with increasing
Gd3+ concentration and anneaLing temperature decreases due to increase in surface anisotropy and
spin profiLe.

....
Fig. 2: EPR spectra of Gd doped NiZn ferrite

nanoparticLes
Fig. 3: EPR spectra of annealed analogues

Table 1 : Various parameters calculated from EPR spectra of as synthesized
Gd3+ doped NiZn ferrite nanoparticLes

Composition 9 - value LlHpp Spin Relaxation
Concentration (NS) Time (15)

Gd(O.l) 2.04507 1050.3 2.17 x 1015 6.116 x 10-15

Gd(O.2) 2.00923 532.6 5.49 x 1014 1.228 x 10-14

Gd(O.3) 2.01635 511.4 4.81 x 1014 1.274 x 10-14

StructuraL parameters reveaL the distortion in the spineL Lattice structure induced by Large ionic
radii of Gd3+ ions and negative pressure at the octahedraL Fe3+ ions site in uLtrafine nanoparticLes
of NiO.5ZnO.5GdxFe2-x04. The crystaLlite size and particle size data are weLL in agreement with each
other. EPR spectra confirm the ferromagnetic behavior due to higher order of dipoLar-dipoLar
interaction. On increasing Gd3+ ions concentrations the narrowing of signaL expLains the increase in
super exchange interaction i.e. movement of eLectron among Gd3+-0- Fe3+ in the core group and
the spin biasing in the gLass Layer.
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We evalull'b! the magnon transport through magnetlc doubll! quantum dots. We consider the
two coupled Wromagnetlc dots connecb!d to the ferromagnfilc reservoirs as shown in Flgl. For
tflese dots, the magnon energy becomes quantized and Hamiltonian may he writtlin as

H = ~(l'... +gPll'fJA 01;;'01... +H_ +~7....a;.a. +~7.....<J;'P.. +h.c.

with H_ =I f::a:u. +r f:~fJ=fJ. +r l::a:fJ.. +h.c.. " -
AppW;ng the non-equiLibrium Green's function technique. we obtain the expressions for the

magnon mode dispersion, magnon density of states and the DJlTe11t tamed by the magnons. In
partiDJlar. we study the effect of interdot coupLing on these properties. As shown in Fig 2, in the
presence of tile lnterdot coupLing, the magnon mode dlsperslon shows a spLfttlng and the gap
between the modes increases on increasing the strength ofinterdot coupUng. The CU1Tent carried by
ttJe magnons is also slgniflClntlya~ and shows I nonmonotDnlc behavior on InCR!asing the
in1:f:rdot coupling. The numerical resutts show that the couplt:d dot system acts IS resonant tunnel
diode and may seMi! as crucial component for future spintronic applications.
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Bismuth TeUuride has aLways proved Itself to be tf1e front runner as a thennoelectrlc mllb!rla~

all in bulk, thin film Ind nanostJuctures fa""S [1]. For tills mmria~ its being wideLy reported that
the thennoelectric dimensionless figure of merit IT _ S'o/k improves 115 we move on to the
nanostructuTeS, where 5 is Seebeck coefficient, 0 is electricaL conductivity,. kis thennaL conductivity
[2.3]. For investigating this fact we prepared AAO template assisted Bismuth Tel1llride nanowires
using electrodeposition method [4,5]. The HRTDI, S9I images showed the presence of nanowires
having typicaL diameter of 130-140nm and tfle length of the order of 447.86nm. XRD data showed
a sharp peak at 37.85' which is very dose to the Bi,Te, nanowires. EDX result also supporbi tfle
existence aVe. nanowires. For INLizing il practical soLid state thennoelectric device,. we also
irttempted preparing nand p-type nanowires clusters.

AnoveL approach to estabLish the enhance ZT value in nanostructures is proposed using the IR
thermography I:I!chnique. Here we use an active thermography using I heating source and measurement
of the temperature response. The time constant information of the time tl!mperatlJre alrYe gives us
the thermal conductMty and thennaL dfffusMty value.
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Figure 3: SEM ill'lllge of Bi,Te, nanowires Figure 2: Jkay diFFraetion prttem
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HeusLer alloys Ire promising materials fur spintronics appLications due to their high magnetic
ordering temperature and a theoret:icalJ,y predicted half me1JlLLic challlclEr which makes the conduction
bind 100% spin polarized. However, in realit¥ it has been difficuLt to realize full spin polarimtion
due to the factors like atomic disorder, non-stoichiometry, oxidation of constituents and partial
crystallization. These problems are aaste in tflin fibns and tflerefore important lD study as aU
spinlronics devices will he made using films. We report tflin films of fuLL Heusler alloy Co.MnSi witfl
the L2, strucbJre on "'gO (100) substTcrte deposited by pulsed laser ablation technique. Our films
are deposited at 200"C followed by ann5ling at different temperatures. By changing the anneaLing
tempeTature,. we ObseTVe various degrees of ordering, which Te5ults in change of magnlrtization,
spin polarization imd other tnnsport properties. FulJ,y epitaxial L2, ordered films ire obtained on
annealing at 600"C. The 6-28 X-ray diffraction combined with D-scan for both (220) and (111)
planes show that the epitaxial growth of l2, ordering is oriented 45' with TeSpect to the substrate.
FinalJ,y, in the out-of-ptane ferromagnetic resonance (FMR) measurements, we observed surface
standing modes, which aUow evaluation of exchange stiffness constant. We found good agreement
between our values to the theoreticaUy calc.llaud one.

MOSI_k: llold (~OoJ

fig. 2 FMR spec:lnl of thin fllms ofCo,MnS1 annealsl. It
(60ll"C) fura static magnetic field Ipplied pIlrpendiaJlar
1D the film plane. The inset is showing in-plane ilIId
out-oF-plane hy$teruis loop at room 1empllrature
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Flg. 1 e-zeX-lay d1ffi'actlon patI:l!m oh (hOO) ortenl:l!d
Co,MnSi (70 nm) film grown on (100) MgO 5IIbslJibl
.t 2OO'C and then Inneilled at 6OO'C. The inset sllows
D-5QR$ lround (220) Ind (111) planes offilm.
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ZnO tflin films (IF) and nanostruc:tures (NS) have been intensivei,y investigated due to large
din!ct band !JIIP (-3.37 eV) and free exciton binding energy (-60 meV), which makes them potr:ntially
appLicable in electronics, optoelectronics and photonics [1-2]. Properties of ZnO an! extremeLy
sensitive to tfle crystallinity,. crystaLLoglllphic orientation and mOlJlhoLogy and hence controL over
these properties tflrough synthesis is of great interest. zno TF and NS are synthesized by various
metf10ds such chemical vapor deposition (tvD), metaL organic chemical vapor deposition (MOCVD),
pulsed Laser deposttion (PLO) and 50 on. PLO has advantages over other techniques due to the easy
controL on ttle synthesis wtth good optia.L and electronic properties [1-2]. Most of the ZnO (IF &
NS) have been grown on hexagonal substrates hovrever pel'OY5kite subsbates which possess Vinous
interesting properties such as sUpemlnductivtl¥, ferruelectridty and ferromagnetism, can be the
most suitable to constitute an active component to define new functionalities.

Thin films ofZnO are deposited by PLD on single crystalSrliO, (51"0, 001) and Vb stabilized zrO,
(ysz, 001) substrates at _ 600 O( under val)'ing O,pressure of _ 50, 100 and 20lI mTom. These as
deposltl!d Zno tIlln films are subjected to stnJctural,. mlcrostnJctural and optical characterlzatlon
by employing X-ray diffraction (XRO), scanning electron mlcro.scopy (SEN) and PL_UV spectroscopy,
respectively. XRO reveals that tfle films are ~ntlalJ,y e-axls I.e. (002) orlented having hexagonal
wurtzite structure. The film quality increases witfl increase in 0, pressure as evident by enhanced
(002) peak intensity at higher 0, pressure (- 200 mTorr) on both substrates. SEM investigation
results that tfle density and morpholDgy offilm improves at higher 0, pressure because ofincreased
particle size. PL measurements indicate tflat all the tflin films show intense near band-edge emissions
around - 380 nm without tfle presence of any deep level. emission at higher waveLengtfl. All tfle UV
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EPR INVESTIGATIONS ON CNT-FERROFLUID BASED COMPOSITES
ANNVEER1,2, SHYAMA RATH 2, MANJU ARORA\ CHHOTEY LAL\ R P PANT1

1 NationaL PhysicaL Laboratory, CSIR, Dr. K.S. Krishnan Road, New DeLhi-ll0012, India
2 Department of Physics & Astrophysics, University of DeLhi, DeLhi-ll0007, India

EmaiL: annveer87@gmaiL.com

CNTs: ferrofLuid based composites have been prepared and investigated for structuraL and magnetic
properties. Such types of composites have unique properties which have not been observed in their
buLk state. The CNTs have drawn considerabLe attention as a promising candidate for versatile
appLications due to their unique opticaL, eLectricaL, magnetic, and mechanicaL properties [1-2]. The
Fe

3
0

4
-CNTs composites have potentiaL appLications in the fieLd of magnetic data storage [3-4]. The

present work is mainLy focused on the synthesis of CNT: FerrofLuid composites and their investigations
by EPR and powder X-ray diffraction techniques.

The composites were prepared in two steps i) the preparation of CNT's by CVD technique and
then (ii) then three sets of composites were prepared by using different voLume % (sampLe (a)
10%, (b) 20 % and (c) 30%) of CNT's are mixed in the in-situ formation of ferrofLuid. To obtain
good bLend of CNTs, in the composites the sampLes were anneaLed at 700 °C in an inert atmosphere,
also to see if any change in Fe

3
0

4
phase transition and confinement of CNTs.

The X-ray diffraction patterns of three sets of composites are shown in Fig. (1). the characteristic
diffraction peaks (220), (311), (400), (422), (511), and (440) are corresponding to cubic Fe

3
0

4

phase PCPDS Card No-019-0629) and peaks (012), (104), (110), (113), (024), (116), (214), and
(300) are corresponding to hexagonaL Fe

2
0

3
phase PCPDS Card No-080-2377). Acomparative study

confirms that both Fe
2
0

3
and Fe

3
0

4
phases are present onLy in (b), while Fe

3
0

4
is the dominant

phase in composite (c). With increasing weight fraction of CNTs, the peak intensity of (104)
reflection is decreased and for the peak (311) increases. It means that CNTs are pLaying a roLe in the
protection of Fe

3
0

4
from being reduced to Fe

2
0

3
phase and thus brings the stability to the Fe

3
0

4
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Fig.1: XRD patterns of composite (a), (b) and (c) Fig.2: EPR spectra of composite (a), (b) and (c)
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at Fenni leveL N(E,) i5 summarized in Table 3 and is in good agreement witfl receTTt cakulations. It
can be noticed that for MgB. the majority of stl1:f!s come from (J and 'll'2p states of horon. The 6
band consirts of B-2P. and B-2P. olbitals that overlap quasi-two dimensional4' in 'Jfi plane lD form
strong covalent bonds. TT bands consists of weaker B-2P. orbitaL interactions.p~ which comes
from DlP, is the polarisation of p orbitals in space. The (J bands (holes) are known to play an
important role in electron-phonon coupLing. In conlJast for AlB, boron the 'II' 2P. states and AL 3s
and 3d states contribute signifiCiontl,y at the Fermi IewL It is interesting to note tfle absence of 6
band at Fermi leveL for AlB,_ This Leads to a weak electron phonon coupling and also to hole
deficient.)' iI5 II bands are known to be of elf!ctron '!We.

From the value of N(EJ the value of Sommerfeld constant g foUows.The value ofyis given by

relation y=j1fN(E,lJ::. Where K. is Boltzmann constant Also electronic specific heat gives
direct measun!!ment of y. From the TlItio of V~aL we have detennined the value of electron­
phonon coupling constantA using well known n!!lation r.. -(1+Al. The ~lculated values an!! given
in Talbe 2. The values agree with values reported by ott.'ers A_ - 0.61 and A.... - 0.43. Our eaTlier
measurements [I] on thennoelecbic power have shown that MgB. is hole 1Mle whereas AlB, is
electron type. The hole 1;ype contribution to MgB, comes from a bands. Our calcul.rted contribution
of 6 bands supports these measurements. The Al" substitution atM~ site provides exl:rcI electrons
to fill holf! ~pe a bands and this results in electron '!We conductivity in ALB.. The dominance of
boron 1T 2P. states and At 3s and 3d states at Fenni level do correspond to in increase in the
dominance of elf!ctron ~pe behiviour.
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HYDROGENI( EXOT'ONS IN MAGNm( FIELD: A TWO-BODY PROBLEM
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It has been known since the work of Lamb [1] that a hydrogen atom movlng perpendlaJlar to
an external magnetic field forms an IrredudbLe two-bady system [1-5]. Here contrary to tile zero­
magnetic fleLd case, tile HamUum1an cannot be cLeanlN separated Into tile centre of mass (CoM) and
relative cQ-ardinate frames. Th1s coupL1ng results In the CoM motion manifesting as an effl!ctIve
electrlc field [Flg.l(c)] 1n the relative coord1nate frame (motional Stark effect) and has been much
dlSDJssed 1n atomic physla and astrophysla Uterature due to Its many non-trIYlaL consequences­
(1) magnetic fleLd-dependent change 1n the CoM dlsperslon (Fig. 2) [4,5], (11) formatlon of so­
called decentered (org1ant-dlpoLe) states [5], and (111) changes In tile selection rules for magneto-
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FIgure 1: (a) Sid!! view,. (b) top view SChemltlC of the
spedal OW sbucture wtth addttional Gw Ii.)'ers grown
at IDw-teTnJlllli.tunI (ll) to ensure unifonn etecbie field.
(e) The exciton in magnetic field bell/MiSlI51 cumpll5ite
entity [3] with the electrons Ind tile holes traveling at
the some group velDcItr v• • ICF....B.I. sud! that the
lJm!ntz fim:e balanCl!5 the eLectric fleld, F~ '!he exciton
is polariad with stlnd inlllmalen8IiY llE. This increasad
internal energy lelds to the exciton m155 being
renormllized (diU. in Fig 2).

Ftgure 2: The IIIl!InetD-Stark shtfb of (a) Llght hall!
(LH), and (b) hmy hole (HH) exciton ground stites as
I function of IF,IB,I' (bottom axes) and the equivalant
CoM wave YIlClxJr K.' (top axes). Forthe Inter, ttriseneT!IY
shift i$ tile difference between the exciton dispersion
Ind IIIiIgneto-eu:lton dlsperslOll5, E(k.II)-E(t..O). The B­
dependent slopes prove magneto-exclton miSS
anhlneement. This has 50 far onw bllln obsawed for
spatially-indirect excitons in eoupled-QW uSing I
different experimental technique [4].
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INDO-U.5. SCIENCE AND TECHNOLOGY FORUM
Fulbright House, 12 Hailey Rood, New Delhi 110 001, Indkl

Webde: _.IDdouutf..orv
The Indo-U.5. Sdence and Technology Ferum (WSSTF) was established in 2000 under an
agreement between the Governments of India and Unlted States of America with a mandate to
promote,. a~~ and seed bil.ateTaI col.l.ilboTation in science,. technology.. engineering and
blomedicaL research tflrough substantlve lmractlon amongst government. academia and Industly.

As its mandate. IUSSTF provides an enilbling platform to the scientific enterprises of the two
nations by supporting an S&T program portfoLio that is expectlid to foster sustainablli interactions
with i potentii[ to forge Long term coUiborations.IUSSTF program manifests ill! largel,y catalytic in
nature that helps to clUb! awareness through ecchange and dissemllll1:lon of inforrnl1::lon and
opportunities in promoting biLateTaLscientific and technological coopeliltion.

IUSSTF has an evolving proglllm portfolio thllt is largeLy conceived lind driven by scientific
communities of both the countries through extending support for symposia, woTbhops..
conferences on topical and thematic areas of in1:r:rest: visiting professorships and exchange
progrims; triwl grints; fellowships; ildvanted bilining schools: pubUc-priYite networked centres
and Icnowtedge R&D networb:d centres. IUSSTF also works towards nurturing contac1:5 between
young and mid Cilreer scientists by convening stimulating fulgship events like the Frontiers of
Sclence and Frontlers of Engineering symposlum through tt1e U.S. NatlolIILAcademles modeL Atthe
~me time it reaches out to industries by pi.rtnering with business as50dations to generite high
quaLity events on technology opporb.mltles for business development to fllsb!r ell!ments of
innovation and enterprisethrough networking between academia ind indusby.

IUSSTF maintains a close working relationship with the ~IlIL agendes, Iabonrtories, government
institutions. and tt1e academia in U.s. inti India. cutting acros5ilLL disdplines. As iln ilutonomous.
not-for-proflt society, IUSSTF has the ability, agility and flexibiLity to engage and invoLve industry,
privilte R&D labs; and non gOV'emmentaL entities in its evoLving activity manifold. This operitionilL
uniqueness allows tt1e nJSSTFto rece1ve gl'lnts and contributions from independent sources bottl In
India iOO USA,. besides the assured core funding from the two governments.

IUSSTF soUdts proposals for its activities thrice a year (JanuaIY, May and September) and awards
ire milde on the bilsis ofpeer reviews bottl in Indiil and USA.

IUSSTF values your interactions and looks forward to wollr: with tt1e S&T community of both
countries to implement new ideas tt1at endeavor to promote cutting edge Indo-U.s. SCience and
Technology collabollltioll5.



The Institute of
Mathematical Sciences

The Institute of Mathematical Sciences (IMSc), founded by Alladi Ramakrishnan in 1962, is a national institution for

fundamental research in the mathematical and physical sciences. The

Institute is governed by a~ and an Academic Council. The present

Director of the institute is Prof. R. Balasubramanian.

Research at IM8c is supported by theDepartment of Atomic Energy of the

Government of India and by theGovernment of Tamil Nadu. Institute

members work primarily in the areas ofMathematics, Theoretical Computer

Science and Theoretical Physics,

The Institute has an active graduate research program to which a select

group of students are admitted every year to work towards a Ph.D. degree.

IMSc hosts a large number of scientists at the post-doctoral level and

supports a vibrant Visiting Scientist Scheme, More information is available under Academic Programmes at IMSc.

IMSc has an outstanding scientificlibrary, a computing facility which contains

the fastest academic computer in India (as of mid 2004) and a dedicated high­

peed network. The Institute hosts several national and international

cientific meetings every year. The Institute Annual Reportssummarize past and

ngoing research,

A new, centrally air-conditioned office and lecture-hall complex houses academic

members of IMSc. A 200 seat auditorium, the Ramanujan auditorium, is used for

arge scientific meetings while smaller lecture halls and classrooms accomodate

more modest gatherings. Most public areas in the Institute including seminar

and discussion rooms, lounges and the auditorium are Wi-Fi enabled.

Located in South Chennai, in the Adyar-Taramani area, the Institute is based in

the verdant surroundings of the Central Institutes of Technology (CIT) Campus,

The Institute campus also contains a student hostel, flatlets for long-term visitors,

married students and post-doctoral fellows, and the Institute Guest-

House, IMSc has its own faculty housing in Tiruvanmiyur near the seashore,

THE INSTITUTE OF MATHEMATICAL SCIENCES
C.I.T. Campus, Taramani, Chennai - 600 113, India.

Telephone: (044) 2254 1856, 2254 2588
Fax: (044) 2254 1586

URL: http://www.imsc.res.in
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Solutions in Milling & Sieving

Retsch GmbH, Germany are known as pioneer and manufacturers for sample preparation systems.
They offer a wide range of equipments for size reduction and homogenization through Milling,
Sieving & Assisting

ReIsch Ball Mills are used for the pulverization of soli, fibrous, hard and brittle materials. These are very
much suitable for highest degree of fineness and give a very high final fineness down to the sub micron
size range. These ball mills move in planetary motion and the high centrifugal forces of the planetary ball
mills result in very high pulverization energy and therefore grinding time is reduced drastically.
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Grinding jars are Comfort type - safe, non-slip seating with built -in anti rotation device and conical base
centering for excellent grinding with outer lining of stainless steel as a protective jacket for ceramic jars.

Retsch also offers their new Mixer Mills Model MM-200 and MM-400 for grinding, mixing,
disrupting small amount of samples. These Mixer Mills are laboratory" all rounders" .They
have been developed specially for dry & wet grinding of small sample amounts. They can mix
and homogenize powders and suspensions in only few seconds. They are perfectly suitable for
the disruption of biological cells.

Exceptionally simple, safe handling,
dust proof and airtight. Stainless
steel protective jacket for Agate,

Zirconium Oxide & Tungsten Carbide
Jars. Can be used for Cryogenic

Grinding also.

Contact for more details:
INKARP INSTRUMENTS PVT LTD.,

1-2-45/1, Street No.2, Kakateeya Nagar Colony, Habsiguda,
Hyderabad - 500 007 Tel: 040 27172293 /27175088,
Email: sales@inkarp.co.in, Website: www.inkarp.co.in



The turbopump innovation.
~ Complete series of pumps with

pumping speeds of from 10-700 lIs

~ Robust engineering and proven bearing
system offer maximum reliability

~ Compact design makes for minimum footprint

Total pressure measurement.
In a vacuum.
~ Large variety

~ Easy integration

~ Cost effective
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PFEIFFER ~VACUUM

F
Pfeiffer Vacuum India Ltd.

25/Nicholson Road· Tarbund . Secunderabad . Phone +91 4027750014· pfeiffer@vsnl.net

www.pfeiffer-vacuum.net



Powering Business Worldwide

Powerware f Pulsar J E Series

UPS Systems

10 kVA to 160 kVA Tower

1 kVA to 20 kVA
Rack Mount I Tower

• DSP True Online UPS Systems
• 600 VA to 5000 KVA
• Rack Mount UPS (1 KVA to 60 KVA)
• IGBT Rectifier Technology
• Output P.F 0.9
• Wireless Paralleling upto 8 units
• Advance Battery Management

1 kVA to 20 kVA
Tower

12kW to72kW
Rack Mount

I[~atsun Katsun Automation Pvt. ltd
N·161, 203, Thapar House, Gulmohar Enclave Community Center.
New Delhl·110 049. Ph: +91 9958812299,46066472·73
Email: sale'-@~alsun.in URL: www.katsun.in
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High power Pulse Tu~ cryocoolers wilh low vibration

No rnaintenlUlce for 3', years continuous use

Cryogen Free Measuretnent
Systetns 5 to 25 Tesla
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CRYOGENIC UMITED
30 Acton Parit Estate
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Pramod Kumar
Vico Scientific Sales Privale Uml1ed

lei: +91-11-25871181
fax: +91-11-25872788
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www.vicosales.com



Cryogen Free
Superconductlng
Magnet Systems

Cryo Indllllrtes of America, Inc..... over 25 yeIIrs
ofnpertence In d......I.. ~nd m~nufacbJr1ns

SUperc:onduetns MqneI Systems.

Cryo oren C".,..,n Free Supen:andu<:tlll MllIl'Iet
Sysb!ms that 11'I1i!(I1~1:I! In...,...tve dellsn with m;lsnetc
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on dlllln), you select the mlllletc feld. Mllllet
c:onfluretona Wlileble Include Vl!!rtell Field Solenoid
or Harimntll Field Spilt CoIl mqneb.

crvo ofen Supercondul;lnB' Milsnet desp with I

clllrvei'tCIl room temperature bore or I top 100dins
Ylrilble temperatu... inoert or bllth. The mllll'1et is
c:ooled thraulh I 6Ifard-McM~nn cooler or I Pu,""
Thbe alDlerfar law vlbraton I!IIpII1ments.

,

716'.........._.­:n., _.~---,.,---1loo., _._

You Icleet the
temperature and

cooling power......,
All c:omplm SupertOlldunl;lnB' Milsnet Systems Include:

• Cllnductl/lty a>aIed .upen:ondu<:t"l maanet
• RlIll1CMlble room tlImpermln bon orwr1lble

tempermlre Inlllrt
• C.-d cyde refrprltor (6-M or pu,"" tube)

• Compres!lDr
• PI'llll",mm;lble reversl", blpol~rm;lsnet

power supply
• Inb!lnl enel'lY Iblorber
• Temperature c:ontruller
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SPECIALlSE-

SPECIALISE INSTRUMENTS MARKETING COMPANY
305, Kailas Industrial Complex, A-wing 3'd Floor, Building No.2,

Parksite Vikhroli (West), Mumbai-400 079. (INDIA)

INSTRUMENTATION SOLUTIONS FOR ACADEMIA, INDUSTRY AND

SCIENTIFIC APPLICATION AND HARDWARE SUPPORT

France

Quantum Design

U.S.A

• Ylia M20, Ytterbium High Energy Fiber Laser of Pulse Energy 1mJ at 1064 nm

• YG9S0 series Nanosec. Q-switch Nd:Yag lasers up to 2.4 J Energy at 1064 nm

• Nd:Yag Pumped high resolution Dye Lasers for RIMS application

PULSED LASERS

VSM, SQUID VSM, MPMS & PPMS- Systems
• Versalab Cryo-free VSM , 3 Tesla, SOK to 400K, sensitivity 10 6 emu/rt-H
• MPMS Squid VSM, sensitivity <10' emu with only 4 second data averaging
• MPMS integrates a SQUID detection system, a precision temperature control unit and a powerful

software control operating system.
• PPMS are designed for fields up to 16 Tesla and temperature range in 1.9-400K

• Deposition of Metal Nitrides and Metal Oxides thin films such as TiN, NbN, ZnO and AI.O.
• Uniform and ultra-conformal film deposition on 2-S" substrates
• Process temperatures up to SOO·C
• Precursor sources for gaseous, liquid and solid chemicals
• Heated precursor source temperature up to 200·C

U.S.A

TECHNOLOGY

ANDOR U.K

P.c_s......
Finland

Ravi Mohan Garg Mob-98113-75599
Email-ravimgarg@yahoo.com

• Fastest, most accurate field control in conjunction with temperature control

• Resistive Magnet VSM with highest fields and higher sensitivity

• Accurate true Torque Magnetometers

Atomic Layer Deposition (ALD) Systems

VIBRATING SAMPLE MAGNETOMETERS

CCDs/ICCDs/EMCCDs for Spectroscopy & X-ray imaging
• Special TE cooling down to -100C
• Fastest optical gate for the ICCD
• Slow scan ultra low read noise systems, 16 bit at 1MHz
• Exclusive EMCCD spectroscopy chips with on chip gain, fast readout, spectrographs, Echelle

spectrographs for high throughput

New Delhi office-
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Recognized Centre of Excellence for carrying out R&D.
Consultancy. Training of Highway and Transportation

Professionals and Documentation

OUR FIELDS OF
SPECIALISATION

~ Bridges & Structures
~ Geotechnical Engineering
~ Pavement Engineering &

Materials
~ Road Development Planning &

Management
~ Traffic & Transportation Planning

An ISO R&D Institution

SPECTRUM OF ACTIVITIES
J;. Contract Research

- Sponsored Research
- Collaborative Research

J;. Consultancy Services I
Technical Advices

J;. Testing and Calibration
services

J;. Preparation of Standards and
Specifications

J;. Development of Guidelines
J;. Information Dissemination
J;. State-oF-Art Reports
J;. Human Resources

Development for Highway.
Bridges and Transportation
Engineering

For more detol1s, please contact:

Dr,S. Gangopadhyay
Director
Central Road Research Institute
p.O.-eRRI, Mathura Road
NewDelhi·110025
India

Ph: 91-11-26848917/26823437
Fax: 91-11-26845943/26830480
E-mail: director.crri@nic.in
Website: www.crridom.org
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Solutions by Linde Kryotechnik AG
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NATIONAL GEOPHYSICAL RESEARCH INSTITUTE
(Council of Scientific and Industrial Research)

HYDERABAD

An Institute dedicated to research in earth sciences and seNice to the society

The Institute has state - of- the - art research facilities and capabilities

for Geophysical, Geological &Geochemical Investigations with a focus

on R&D related to :

o Exploration of Natural Resources with focus on Energy Security

o Shallow sub-surface geophysics for geotechnical applications

o Assessment and Management of Groundwater Resources

o Earthquake Hazard Assessment

o Lithosphere and Earth's Interior

o Geo-environment and Climate, Present and Past

For more information, please contact -

The Director, National Geophysical Research Institute, Hyderabad - 500007

Telephone: +91-40-23434600 & 23434700: Fax: +91-40-23434651 & 27171564

E-mail: director@ngri.res.in: Website: www.ngrLorg.in





EXCEL INSTRUMENTS
Leaders in Pulsed Laser Deposition hardware in India

Manufacturers of custom designed systems and components

WE BELIEVE IN COMPLETE CUSTOMER
SATISFACTION

28, Sarvodaya Industrial Premises, Opp Paper Box,
OtT MahakaU Caves Road, AndherI (E1 Mumbllli 400 093



NIIST
National Institute for Interdisciplinary

Science and Technology
(Council of ScIIIntlflc & Induatrtal Reu8rch1

Thll1lV8nanth.puram - 595018

An InterdlsclpllrtlllY R&D Labond:ory of CSlR having more than 30 )'ellIS of
ntputalkwl, dfiDWd to the a_ of Agroprocnslng and Nab.l1'lI1 Products,
Biotechnology, ChemlCIII Sclllnc:n and Tec:hnologln, M.......I. and Minerai.,
Proc'll Engineering, Environmental Technology and Computational Modeling.
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SPECIALISE INSTRUMENTS MARKETING COMPANY

MicroSense

ATTOCUBE SYSTEMS

~ I UllLtlMO AN
b

Nanopositining and Microscopy
• Atomic force microscope

• Magnetic force Microscope

• Scanning Tunneling Microscopy.

• Scanning Hall Probe Microscope.

Cryogen plants
• Liquid helium Plant,

• LHeP12 produces ~ 12 liters/day, Dewar Capacity: 60 liters

• LHeP18 produces ~ 18 liters/day, Dewar Capacity: 120 liters

• Liquid Nitrogen plant

• 10,20,40,60 and 120 liters per day

• Water or air cooled.

• Cryocoolers: Closed cycle and pulse tube

Cryostation
• Intimate access to the stable sample
• Vary temperature without sample drift
• Vibrations are no longer a concern
• Keep samples and optics clean
• Run on low power

Sample Holders

Superconducting Magnet Systems
• Superconducting magnet sytem upto 16T.

• Cryogen Free superconducting magnet system.

• High field upto 16T and spilt coil system.

• Liquid helium and nitrogen level instruments.

VIBRATING SAMPLE MAGNETOMETERS
• Resistive Magnet VSM with highest fields and higher sensitivity

• Accurate true Torque Magnetometers

• Fastest, most accurate field control in conjunction with temperature control

305, Kailas Industrial Complex, A-wing 3'd Floor, Building No.2,

Parksite Vikhroli (West), Mumbai-400 079. (INDIA)

INSTRUMENTATION SOLUTIONS FOR ACADEMIA, INDUSTRY AND

SCIENTIFIC APPLICATION AND HARDWARE SUPPORT

Quantum Design
VSM, SQUID VSM, MPM & PPM Systems U. S. A
• Versalab Cryo-free VSM, 3 Tesla, 50 - 400K, sensitivity 10' emu/rt-H

• MPMS Squid VSM, sensitivity <10 .. emu with only 4 second data averaging

• MPMS integrates a SQUID detection system, a precision temperature control unit and a

powerful software control operating system.

• PPMS are designed for fields up to 16 Tesla and temperature range in 1.9-400K



Emmtech Calibration

We Introduce our self Emmtech Calibration Laboratory is a measuring instruments and Gauges
calibration Lab. Our laboratory is accreditated by "National Accreditation Board for Testing &

Calibration Laboratories" (N.A.B.L), Department ofScience & Technology as per IS/ISOjIEC 17025­
2005 standard. We have the accreditation in three disciplines, Mechanical (Cert. No. C-0347),
(Length, Angle, FLatness, Straightness, Mass, Volume, Density, Pressure, Vacuum, Acoustic & Speed),
Thermal (Cert. No. C-0441), (Temperature -40 to 1200°C & Relative Humidity 10 to 95%) and ELectro­
Technical (Cert. No. C-0510), (AC/DC Voltage, AC/DC Current, Frequency, Power/Energy, Time,
Capacitance, Resistance, Inductance & Lux).

Laboratory is committed to total customer satisfaction through reliable, accurate and timely service
in the field of calibration which meets their requirements and expectations in terms of quality. The
management committed to comply the internal standard ISjISO/IEC 17025-2005 and continuously
improve the effectiveness of the management system.

Our Laboratory is well equipped and skilled engineers are ready to assist our customers at any time.
We have a facility of calibration of measuring instruments and gauges as per customer requirements.
All staff having training in their relevant field to improve our quality or meet the customer
requirements.

Besides calibration we are providing our services in the field:

• Consultancy of IS/ISOjIEC-17025-2005 (Documentary as weLL as practical as per our resent
scope).

• Work shop and desktop trainings.

Contact us:
Ernrntech Calibration

01/90, Sanjay Colony, NIMS Hospital Road, Sector -23, Faridabad. (Haryana)
0129-4124942,09811787807,09654373931,9873837164&9999493636

For further details visit our website www.emmtech.in , for any enquiry mail us
on our maill.D. emmtech123@yahoo.co.in , emmtechcalibration@yahoo.co.in & info@emmtech.in



Our Cryogenic Products

DEWAR FLASKS Refrigeration System

Diode Temperature Sensor

5MD Package

O.voll.1f1

Malct~l: Gold·pla~cd copper,
Alumina

L1Q. He Transfer Line

Multifilament

Flexible UTube with Right Angle
Shutoff Valve

Liquid Helium Conainers

1 -----.- ,

.J

CMSH 6D-5000 Utre

Self-Pressurizing LN2-Containers

Horizontal Container
Hi-Tech, Cryo-Temp. Controller
Operation from <IOOmK over 1020K

Cryogenic Temperature Monitor
Madella -, 1 2 3..

, • .50 •

• 7 • •

o ...

GOODWILL
'3SMa jIi!4J:Ji: ~i i jll!hij ~ idi!oJ: I

213, Nirmal Vyapar Kendra, Sector-17, Vashi, Navi Mumbai-400 703
Email: sales@goodwillcryogenics.com;gecryo@gmail.com









In service of the nation for.,......
Our motto­

"Safety to Environment &
Haith and S8IV/ce

to Industry"

The laboratory through its scientific expertise provides complete facilities for
toxicological research, environmental and health risk assessment as well as analysis
and testing services conforming to Good Laboratory Practices using NABL and
International guidelines employing latest test systems, bIomarkers, analytIcal
instruments and mathematical models.

• Health and EnvIronmental
Monitorng

• Consumer SAfety
• Toxldty Testing.-
• informldion~~
• EnvIronmental Impact Assessmerrt
• Comu1tan<y
.~Waste~

• EnvIronmental Managemerrt Plan
• Health 5mtus of Occupational_....
• Preparedness of DIsasmr-,

• Water Analysis Kit
• Mob1Ie I...abora1:ory Van for on spot

Water qllll1ily analysis
• Argemone Detect10n Kit-For rapid

sceeenIng fo Argemone In mustard
au

• CD-5trIp - For deI:ect1on of butter
yeDow an adulterant In ed1ble oDs

• Arsenic Detection Kit
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systems

I R Technologies Services Pvt. Ltd.

A69, Sector 2, NOIDA 201301, UP

Ph: 0120 4530600 Fax: 0120 4320661 email: sales del@lrtech.ln

...... ...... ...... ······-Other Offices ..... ...... ...... ...... .........
Mumbai Sa_lore Kolkata I Hyderabad
EL-91, TTC Indl Area, MIDC, 208, Swl•• Complex, 22, qhuto,h Chowdhury Avenue, 406, Agarwal Chamber"
Electronic Zone, Mahape, Race Course Road Flat No. 12, 1~ Floor 5-9-1121 King Kothl
Navl Mumb.I, Maharashtr. 4()()710 Blog810r., KIlrnataka 560001 Kolkata, Weat Bengal 700019 Hyderabad 500001
Ph: 022 41571111 Ph: 080 22203173 Ph: 033 24815831 Ph: 040 86842402
Email: Email: ""I.. Email: Email: ,..h

Please visit our Website: www.lrtecb,ln



CLRI - World's Largest Leather Research Body
A Dependable Source for Technologies &Services

For details contact: The Director,
Central Leather Research Institute
(Coundl of Scienttfic and Industrial Research)
Adyar, Chennai-600020. India
Phone: 044-24910846/24915238 Fax: 044-24912150 /24911589
E-Mall: bpdclrffyahoo.com/bpd.clrf.res.tn
URL: www.clrf.nfc.tn



NML has been offering its R&D
Products, Processes and

Expertise to the Industries in
the form of Design,

Consultancy, Technical and
Testing Services.

Core Competency:

... Mineral Processing

... Metal Extraction

... Materials Characterisation

... Materials Evaluation

... Materials Forming &
Processing

... Corrosion Testing &Prevention

... Waste Utilisation

... Standard Reference Materials &
Hall Making

... Intellectural Property
Acquisition

... Knowledge Management

ISO 9001 : 2000

For further details:
DIRECTOR
NATIONAL METALLURGICAL LABORATORY (NML)
(Council of Scientific & Industrial Research)
Jamshedpur 831 007, India
Phone : 91 657 2345028 I 2345220
Fax: 91 657 2345213
e-mail: director@nmlindia.org
Website: www.nmlindia.org
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CSIR· INDUSTRYPARTNERSHIP

fil BEll IrtSTRUMErtTS PVT: LTD.
Presents

RELATIVE HUMIDITY GENERATOR / CALIBRATION SYSTEM

CSIRlNPL KNOW-HOW

CSIR THROUGH NPL GRANTED LICENCE OF TECHNICAL KNOW·HOW TO

MANUFACTURE & MARKET RELATIVE HUMIDITY GENERATOR/CALIBRATION

SYSTEM. THIS IS FIRST INDIGENONSLY DEVELOPED RH GENERATOR

& IS A IMPORT SUBSTITUTE

* LOWCOST

* NO CONSUMABLE

* HIGH PRECISION

RELATIVE HUMIDITY
GENERATOR

SPECIFICATIONS:

RELATIVE HUMIDITY,
CALIBRATION SYSTEM

APPLICATION:

RH Range

Uniformity

Stability

Technology

Carrier Gas

15% to 95% RH

+/-1% RH

of the order of 20 minutes

Two-Pressure Technique

Nitrogen or Air

Manufactured by:

Relative Humidity

Generator & Calibration

Wide application in Agriculture,

Pharmaceutical,

Air Conditioning, Calibration

Laboratories etc.

BEll IrtSTRUMErtTS PVT: LTD.
132,133, 134A, HSIDC Sec-59, Faridabad-121004 Ph. : 0129-2307994, 2307060

E-mail: belz@airtelmail.in Website: www.belzcallab.com
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YllUf website is your online business.

Take your website from an Idea to a
fully functional Ol1line presence on the
Internet thaI WOM lor you 24 hours a
MY·

call us today 0 9350352736 Of

I'/r"e to us at sal!3'S@lradeboosler.com
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With Best Compliments from :

Bruker India, your solution partner
Bruker India provides a world class, market-leading range of analysis solutions for your life and materials
science needs.
With more than 30 years of experience in meeting the professional scientific sector's needs across a range
ofdisciplines. Bruker India has built an enviable rapport with the scientific communityand various specialist
fields through understanding specific demand, and providing attentive and responsive service. OUf

solution-oriented approach enables us to work closely with you to further establish your specific needs and
determine the relevant solution packagefrom ourcomprehensive range.

BRUKER INDIA SCIENTIFIC PVT.LTD.,

Offer BRUKER Nuclear Magnetic Resonance (NMR), Electron Spin Resonance (ESR),IN-VIVO & IMAGING NMR
Superconductlng and electromagnets which are already Installed In many leading Research laboratories In
India.
BRUKER rangecovers:
• High resolution liquid samples NMR (with CPMAS), LC-NMR, 300-950 MHz, with superconducting magnets
• Solid state NMR (with CPMAS) with superconducting magnets
• NMRwith superconducting magnets for micro and minimizing
• Tabletop low-resolution NMR with permanent magnets for applications in food, chemical industries and

agriculture
• ESR and FTEPR spectrometers (with electro and supercon magnets) and tabletop (permanent magnet ESR)

for radiation detection in food industry, radiation dosimeter etc
• Electromagnets and superconducting magnets

Reid Office:
3, Dayasagar, Gokuldham, Goregaon (East), Mumbal-400 063.

Phone:28490060, fax: 0091-22-28490059, email:akg@bruker-biospin.in
Branches:

A-309, Ansal Channer-l, BlkaJl Kama Place, New Delhl-110066 Tel:- 011- 46538971
suc@bruker-biospin.in

22/B, Ruby Park, Kolkata-700 078, Phone: 24423433, Fax:0091-33-24423468
bnk@bruker-biospin.in.

522, 11th A Cross, Rajamahal Vilas Extn., BANGALORE-560 080.
Phone: 9844025146, Fax: 0091-80-23616962, email: cvm@bruker-blospln.ln

Hyderabad :-934623868S, email :bm@bruker-biospin.in
Lucknow: 9415467518, e-mail:bsj@bruker-biospin.in



Central Electronics Engineering Research Insthute
Pilani (Rajasthan)
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• C-boInd Hlll"_ IlIIESFET. and Amplifl<tnl. 980nm P.....l" Laser dJode. InP-l..o.u.. bn..s PIN
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Thyratron. Long-lif. Dlapan....C~.High ........... MI"rowa... Window T..,hnology, Retatad
Infrutruelu.. & T..,hnologlaa, Softwara pacl<agea

Hlgh_pow.r .., and de: Drt.._. Con...rteralPWM ...ct..ato.., Wilh.ring Controla tor T.a
Proc...lng. Proceaa Control lnatrumentellon tor S ..ger Indu.lry, Electronic Syalem tor
Com_ling .nd Cropplng Proc..s .. of Mushroom, MonllOrlng end Control System for Papet
and Pulp IndUStry, DIGIMAP. M..,hlne Vlelon Sy._ for On-ll". Sorting and Grading of Fruit.
HIC"M Racelv.r, Machi". Vlelon System. 10...._ and~ Mille. Controlled "'_ph_
Siorag. Syalema. Eiec:tronlc lnaInI......1aUon for F.-h Wal.r cq....... II.... and RO S.,..t......
HIR_ Inalrvmentallon tor Ch<wnometrice, Elaclronle Tong Electronic NOM. Wired and
Wlrel... Comm..nleatlon H.1w<>flt 10. Und.llIro..nd MI"". &enaor Networtla. Speci.II....
Power S ..pplloM .nd P ..... ,"-r Syst.....

SERVICES OFFERED

M..1t m.klng, SemlconductorlMEMS T..,hnolOg)' oavetopmenl and o...1ce Prototyplng. Unll
Proc O'...lopm.nl .nd Impl.mentalion, Con...ltancyll"d...lrlal TralnlngfT.alnlng for
...c 1e Faculty.nd PO Stude<tta In I........ of Semlconduc:to< T..,hnolOgy. V\..SI DesIgn
(digital••""Iog and mbecl algna'l. MEMS T..,hnology. iIllec:halronlca and Em__ Sy.t....

~."MEiM Tach projaci _rtl and dOClora' _Ie _ for highly mothriJI" .. nhra..", at_" In
all tIMo • of alKtronlca

For further details Rfeau contact:
DIract..... C.nlnll Ele<:tronlca Engl_ng R_rch Institut•• PlianT IRa}ulhanl-:n3 031

T.I: '1"159&-24:tl11 Fa,,: '1+159&-242393 E-mail: dIAClOrOcetd,UDII.ln www.c.ert.....In



Tata Institute of Fundamental Research
Hom; Bhabha Road, Mumbai 400005, India

The SCience Popularisation and Public Outreach COmmittee of
llFR develops programmes which will serve the followIng
purposes
• Infonning students and general public about the research

work beingdone atTIFR.
• Providinl a platform for the teachine community to

participate In continuing education and research to Improve
their professional skills.

• Inspiringstudents to pursue a career in basic sciences.
• Informing the public about the latest trends and

developments In scientific research.
• Conveying the importance of exciting new developments in

science and technology.
• Providing authentic information to journalists and science

writers etc.
this actIvity Is an Important part of llFlrs commitment to the
community.

For more details about us Kindly visit our web site
http://www.tifr.res.in
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The Government of India has authorized NABL as the accreditation body for testing and
calibration laboratories. NABL is a registered society under the SOcieties Rqistration Act
1860.ltoperatesasanautonomous body underthe aeglsofln the Department ofScience
and Technology (DST), Mlnlstryof5dence and Technology, Governmentoflndla.

NABL~btlon

NABL has been established with the objective of providing Government, Industry
Associations and Industry In general with a scheme of laboratory accreditation which
Involves third-party assessment of the technical competence of testing and calibration

laboratories.

The laboratory accreditation services to testing and calibration laboratories are provided
In accordancewtth ISO/lEe 17025: 2005 'General Requirements forthe Competence of
Testing and Calibration laboratories' and ISO 15189: 2007 'Medical laboratories ­
Particular requirements forquality and competence'.

BenefltsofNABLAcaedltlltlon

• Enhanced customer confidence and satisfaction.

• Enhanced business and Improved confidence

• Providestraceability in measurementsto national standards

• RellabllltyofdataforR&D

• Insurance companies can relyon test results

• Ensures bettersupport In the eventoflegal case

IntIlrnatioMI Al:CIIpt1nCllthnlUJh NABLAccrwclltatlon

NABL maintains linkages with the international bodies like International Laboratory
Accreditation Co-operation (ILAC) and Asia Pacific LaboratoryAccreditation Cooperation
(APLAC). NABL Is signatory to lLAC as well as APLAC Mutual Recognition Arrangements
(MRA). which Is based on mutual evaluation and acceptance of other MRA Partner
laboratoryaccreditation systems. Such international arrangements makefoundationsfor
acceptanceoftest!calibration results between countrieswhich MRA partners represent.

CoIIIllCt:

NAIL Secretilriill:
N.n~1 Ag;redUtion llcI~rdforTesti"l Ie c.librrion ....bol3b:lries3rd Floor, NISCAIR Building,
14, SilI15anc Vlhar MalJ, New Mahraull Road, New Dl!!lhl - 110067 (Indla)Tl!I.: 91-11-46499999,

Fax: 91-11-26529716 E-mail: Info N1bl-lndla.
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JNCASR

Jawaharlal Nehru Centre for
Advanced Scientific Research
Jakkur, Bangalore-560 064,

.....h.... Nehru Centn! far Adwanl:ell ScIentltk AeIl!Irch (lNCASR) Is a mutudlKlpl1rlllly l'Ul!arch
Institution with a 1I'llI__ to~.. prolllOle _n::h and traHna: It the frontiers ofKlenel! and
ensineerin•. Established in 1989tocommemol'llte the birth centennaryofPlInditJa'Mlharial Nehru. ithas
~IM to bIl i15sociited with high quality research ilnd innllYiltiVll5tit=n~outreilchactivitiK.

ReSN reh at the Cl!n1:rl! Is focused on three key braneha: mlltl!lrlllilldenee.lluid _'-nlel mil blDl...,.
The pursuit of slIl:h diverse topics In a relatively small Institution lead natunlily to crms-dlsdpllnary
eollebol'llllons.

JNCASR 15 one of the world's leildll1i centres of reseiIIrch on nanoscoplc forms of mitter. Several new
fonns of carbon lind other Inorpnlc compounds have been synthesized lind thelr noveIelecb1caI,
therrnat magneticand optIcal propertIes, arls1111 outoftheir na noscale, studied. Experimental research In
till! center, on novel materials, Is ealTfed out In dose lXlllaboratlDn with both thl!o~ClII and
IXImputJtl'onal efforts. 1'rel'l$port proeesses, o«urrlnSat .seeleslarser then a10mIe. In I whole speetrumof
complex fluids and flows is another Important rese.ch dilc:lpllne at centre. we have also _mined
fundamenl:ill questions posed in the context of an ol'5lnism embedded in Its ecolO8Y and shaped by
wolutlon. Usilll tools, technlqulll5, and infonni1lon from a Yilr1ety of dlsdpllnll5, .. tilrTY out primarily
ernplrlti11 reseiIIrch to address questions In the areas of adaptive evolution, developmental evolutionary
biology, chronoblollllY, animal behaviour, neul'llJen~cs, and phy\oseof;llIPhy. One of the major thrust
arells of reseIIIrch In this centre iii biomedical science to Improve humlln health. we focwi on basic
probll!ms thllt delll with arIlnjll! ofdbll!aes Includlnggenetlc, Infectloll5l1nd non-lnfectlous dlsellses.

Au relitlvelyyoung mllmberofthe scientific llI58arch fratemlty, JNCASR has madllibprllSllnCi! t1llt In tlla
scIentlllcworld throuch high quality research publications, patents, and In thesocllrtyat larp, th I"OUIh Its
rrnmy IlUlrHlCh pl'OJl"llnlMl,lncludlrJ1 the summer research propllmmes for under- and pllstpllduate
students, the InnovatlYl! proJect based chemical and biologlcllieducmlon Prtllllllmmu, respectively, for
undel'llraduate students, and mllny acI:lvltles designed to shllre the excitement of science with
schoolchildren.

Research flIcliltles at the Centre are at pllr with IIny In the world In term5 of technolocv as well liS In the
IImblence. The centre,ls, In addition, recognized as II Deemed University. The fIIcWty-tcHtudllnt mIa II
1:4, making It an Idyl place for a budding researcher to recelw! the finest guidance and exposure
lMlllable.

JNCASR actively promotes n1rtworkll11 i1mOl\l researchel'5 i1nd collaborations. The Internatlonill Centnll
for Materials ScIence Is the first body of Its kind In India. Set up to facilitate the exchange of Ideal i1S well
liS humlln resources, It Ittracts some of the finest Internlltionll blent. The Nehru centre hilS
active coIlabomtve pnlII'IImrnea with Institutions such as NIMS, JlIplln, Purdue and Northwestern
Universities, us.

As a fvrIIm fur th -.il11IP of KkIntIlIc thalllht. and a llI58arch facility that seeks to lnsplnll i1nd
encourace scientists, JNCASR has II repub1lon that flIr outwelchslbi yeiIIl'5 ofexistence.The Centnl!'s focus
on selectedadvanced areas of resellrch, underllnesltscontempollInerty.
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INSTITUTE OF HIMALAYAN BIORESOURCE TECHNOLOGY m-d

. 1SlI!IDCI1: ZIlIlDartlllod I.~ IIy DNYI"""I W ~I:trl.
• c:onslItuI!nIllb orColn:ldSdentlllc .Inlllstrlol_rch ~.. fJ\ !
Post Box No.&, "'''mpur IH.P.) -1760&1.. Indl.

Providing R&D services on economic bloresourteS In
_rn Himalayan region leadircto value added plants, products and processes for

industrial, 5Ocieta~ and environmental benefits
T1lrustAl1Illl Biodiversity mapping&. conservation; Plant genamics I. metilbolomics;

Tea sciences; Floriculture; Plant health milnallement; Chemical
characterization; value addition iilnd product development.

NIItIonal Reaq;nltion Bioll!!50UI'ClI! Development Unit INBDB, DIJr, GOI)

RecOlInlsed asII National flIcllltyfor v1nJ5lndexing ofornamental plants.

RecOlInlsed asa National <:entrefor Pesticide resrdueanalysis ofUla

1MfJnoIoctMDBveIoped

• VarietIes Damask Ro5e IHlmroz Ind Jwala): Glildlolus;Tagetel (Hlmgold); Va/erlQnajatumansl;
(Himbilla); HtdychiumJ{Jicatum IHimkilchri): CurtumaoromaticG (Himl\illdi).

• Recombinant enzymes Superoxide dismutase, Polyphenol oxidase, eatillase, Ascorbilte
peroxidase

• ProcessesStevioside, Ascein,vanillin, 4-Vinylluaiacol,Analocueofnatural whisky lactone,Tea
wine, Ready to drlnktea, Theallavln, Natural yellow i. red dye

• COsmetics i. health care products UV protection cream, Moisturizing lotion, Rose talc, Body
lotion,Tooth picks, Pain balm

• Equlpments I machines Mlnl-DlstlllaUon Unit, Tea Leaf Plucking Machine, Tell WIttlerlnll
Machine,Sterifiow (Mini Laminar Flow Unit), GelTransfer Device, RootineVessel.

• Protocols Mlcopropagated Bamboos, Tea, Rose, LUles, Orchids etc.

• Agrotechnologles Tea, scented rose,seranlum, IlIVender, 'RrQetes mlnutu, 1111es,Alstroemerla,
Bird ofParadise, OUys;lnthemum etc.

SemteS : Project FormulaUon and Evaluation, Consultancy Services, COllaborative Resean:h,
Turnkey ventures, Plant Virus TestinlL OIemiCilI Analysis of Aromiltics and Herbals,
TralnllliandHRD.

Contact :
Dr. P.5.AhujI, Director

Phone: (91-o1B94)230411, flIx: (91-01894)230433
E-mail: directorOihbt.res.in; website http://www.ihbt.res.in



ADVANCED MATERIALS AND PROCESSES
RESEARCH INSTITUTE (AMPRI)
Council ofScientijic and Industrial Research
BHOPAL

Major R&D Areas

Light Weight Materials
Natural Fibers and Composites

Industrial Waste Utilization

• -

MATERIAlS CHARACTERIZATION &.
DEVELOPMENT

Metal Matrix Composites
Natural Fiber Composites
Industrial Wastes Utilization
Building Materials
Nano Materials

----
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FEr.! OJ PIdOn Ik><:k

COMPUTER SIMULATION &.
PROCESS MODELING

Process Modeling
Electro Magnetic Forming
Computer Simulation & Design
Natural Resources
Environment & Disaster Modeling

e-oc,:

-~MYano>o<l __ <Jrld """"'....
1Ie_ In,HMe (AMPRl)
1h<>pa1462 111>4, M.P.,_
,.. ,+'1·1M·U51l05 Far. +'1·155·Z(51042
!moI: dncfor@ompf1,....in



THERMAL CONSTANTS ANALYSER
Hot Disk'

The Hot Disk Thermal Constanu Analyser for quick and
accurate measurement of Thermal ConductIvity, Thermal Oitfusivity and

Heat Capacity in a wide variety of materials.
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A Wide Range of Nano Technology Solutions
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World's Leading Technology for
Nanotechnology Research and Analysis

MACK INTERNATIONAL
5/1At Grants Building/ Arthur Bunder Road,
Colabal Mumbai 400 005, INDIA
Tel.: +91 (0) 22 22855261 /22834962
Fax: +91 (0) 22 22852326
Email: sales@mack.in

t{JOmicron
NanD Technology

Omicron NanoTechnology GmbH
Limburger Sfr. 75

0-65232 Taunusstein, Germany
Tel: +49(0)6128/987- 0
e-mail: Info®omlcron.de

Web: www.omicron.de



Building Modern Temples: Pandit JawaharLaL Nehru, Vice President of
the Interim NationaL Government of India Laying the foundation stone of
the NationaL PhysicaL Laboratory on January 4, 1947
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