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Abstract 
Nowadays there are the numerous applications for using amorphous ferromagn etic microwires du e to their 
s mall s ize and unique properties like extra-soft magnetic behavi or or rectangular hysteresis loop. In the 
present work we consider the possibil ity to create a decoding system based on the array of Co-based non
bistablemicrowires contrary to the common decoding system based on magnetically bistable Fe -based 
microwires. The magnetization reversal in the Single and in arrays of Co-based amorphous microwires with 
different length was inve stigated usingVibrating Sample Magnetometer. Co-based microwire with diameter 
of 30 mkm was produced by quenching and drawing technique. The number of the wires composed arrays 
was varied from 1 to S. The distance between the wir es in the arrays was made equal to 0, 1 or 2 diam eters of 
microwire. The lengths of the array changed from 0.5 up to 2 ern. The hysteresis loop for single Co-based 
microwire with different lengths of 1-2 ern has a shape usu al for the wire with circular ani sotropy whereas 
the hysteresis loop for microwires arrays has step -like behaviour. It was found that the microwire length 
increase leads to changing the hysteresis loop s near th e saturat ion fields (see Figure) but keeps the coercivity. 
When the length was 1 em and more, th e magnetization of the arrays occurs one-by-one in consecutiv e order 
- the hysteresis loops have the step-like shape(see Figure) , the height of each step corresponds to one wire 
magn etic moment change. The width of the step depends on the inter-wires distance and their length. 
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Abs t ract 

Giant magnetoresistance (GMR) as well as tun ne ling magnetoresistance (TMR) sensors are co nside red one of 
the first real applications of nanotechnology. Th ey cons ist of rim-th ick layered structures wh ere fer ro magnetic 
met als are sandwiched by nonm agnetic materials. Such multilayered films pro duce a large cha nge in 
resistance (ty pica lly 10 to more th an 200%) when subjec ted to a ma gneti c field, compared with a maximum 
change of a few percent for oth er types of magnetic sensors. This technology has bee n intensi vely used in read 
head s for ha rd disk drives a nd now increasingly find s applica tions due to the hig h sens itivity and s ignal-to
noise ratio. Additionally, these sensors are com patible with minia tur iza tion an d thus offe r a high spa tia l 
resolution co mbined with a freque ncy range up to th e 100 MHz reg ime an d simple electronic condit ion ing. In 
thi s talk , we firs t discuss optimiza tion p rocedur es for different sensing tasks and then present two exam ples 
for future applications: th e use of mate ria ls w ith la rge magnetostr iction enables s ens ing of mechanical st res s 
very locally as demonstrat ed by detection of th e bending of em AFM ca nt ilever, an d in biotechnology th e 
detection of magnetic particles enables the qu antitative measurement of biomolecule concent ra tions. 
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Abs tract 
Advances in nanotechn ology gave r ise to the growing interest in th e s tudy of methods of ma nipulation of 
micro and nano-objects . The main a ttent ion is focused on the followi ng systems: opti cal tweezers [1], atomic 
forc e microscope [2J and ma gne tic tweezers [3,4]. The main adva ntag es of the magnetic tweezers are the low 
cost and simplicity of use. However, the range of the ir ap plicati on is reduced cl ue to sh ortcomings like, for 
exampl e, the remanen t induction of th e core a nd interaction betwe en ferromagnetic cor es. We present the 
electromagnet ic tw eezer s des ign tha t allows ma nipula ting the magnet ic particles by using th e field ·gradients 
gene ra te d by electric cur rents flow ing th ro ugh th e non-magnet ic mic rowires . Arranging wire s in different 
cons iste ncy and geomet ric sha pes allows the controllable particle movement e ither in tw o or three 
dimens ions. A system of planar microwires was fabricated an d tested w ith various ge ome tries (pa ra lle l a nd 
zigzag), dimensions in the range of 25-100 urn an d che mica l compositions (AI, Cu/Si0 2, Au/Ti). Forces acting 
on the magnetic pa rticles wi th the ma gnetic mo ment of 0.2- 2*10-10 Am2 at distances up to 1 mm had been 
exper imentally measured. A wo rking prototype were built and used in sev era l experiments. Th e 
electromagnet ic tweezers w ere tes ted for cytotoxic effect on human adipose-d erived multi poten t 
mesen chymal st ro ma l cells (hAMMSCs). Results wi ll be presented and discus sed. The maximum force exerted 
on th e pa r ticles in th e centre of the 2x2 mm - working area wa s esti ma ted to be in 3 - 30 pN ra nge [5]. 
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Abstract 

Studies of magnetization reversal of two dimensional structures attract increasing interest due to its 
connection with the development of novel spintronics [1] and nano-object manipulation [2]. Amorphous 
magnetically soft glass-coated microwires form part of perspective magnetic materials suitable for the 
prospective applications related to the coding systems [3]. magnetic field and stress sensors [4]. and 
biomedicine [5]. Due to its amorphous structure the formation of the micro magnetic structure and the 
dominate remagnetization mechanism are defined by the magneto elastic energy. 

In our work we considered the separate and combined influence of the parameters determining the 
magnetization rev ersal of amorphous ferromagnetic microwires paying the particular attent ion to the domain 
wall dynamics. We investigated the series of Fe- and FeCoNi-based microwires. 

We showed that one of the effective ways to control the magnetic properties and the domain wall dynamics 
is an annealing. The annealing of Fe-based microwires results in the domain wall velocity increase up to 1.6 
times (2400 mjs) .The annealing of FeCoNi-based microwires, which had the S-shape hysteresis loop in as
cast state, under applied stresses leads to the drastic changes of the micromagnetic structure and the 
magnetization reversal process - after annealing the microwires be come magnetically bistable. The value of 
the switching field is s trongly depending on the annealing conditions, and hence, can be easily manipulated, 
Additionally, the domain wall mobility for such microwires is much higher than for the originally bistable 
microwires. This makes such microwires as promising candidate for the incorporation in novel devices. 

References 

[1] S.D. Bader, SSP. Parkin, Annu. Rev. Condens. Matter Phys. 1, 71 (2010) , 

[2] M. Monticelli, et. al ., Lab Chip, 16, 2882 (2016). 

[3] V, Larin, et.al ., Spain Patent NQP9601993, (1996). 

[4] V, Zhukova, M, lpatov, A. Zhukov, Sensors9, 9216 (2009). 

[5] A.Talaat, j. Alonso, V, Zhukova, et.al., Scientific Reports, 6,39300 (2016). 



INTERNATIONAL 5YMP051UM ON
 
ADVANCED MAGNETIC MATERlAL5 AND APPLICATION5
 

10-13 December 2017 

IEEE MAGNETI(S (~ ~ ~ ~!.~ ..._ .--.-.-,. 



Tile 4tll International Sylllpa .5illlll Oil Advanced Magnetic Mater ials and Apptications - ISAM M, 
HI - /3 December 20 I i I /'/1/1 QUill', Vietnam 

ABOUT THE SYMPOSIUM 
General Information 
Following the previous symposiums (ISAMMA 2007, ISAMMA 2010 and ISAMMA 2013), this In 
Symposium on Advanced Magnetic Materials and Applications (ISAMMA 2017) is held on 10-13 
2017 in Phu Quoc, Vietnam. The Symposium topics are: 

1. Fundamental Aspects of Magnetic Materials 
2. Hard/Soft Magnetic Materials and Applications 
3. Spintronics Materials and Devices 
4. Magnetic Nanostructured Materials. 
5. Multifunctional Magnetic Materials 
6. Spin Dynamics and Micromagnetics 
7. Magnetic Materials for Applications 
8. Symposium "Bio-initiative Spintronics" 
9. Symposium "Technology Transfer" 

Publication 
Selected (after the peer-review) papers presented at the symposium will be published in IEEE Tri 
on Magnetics (lSI journal, Impact Factor: 1.243) 
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