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The laser-induced magnetic after-effects in magnetic nanostructures consist-
ing in magnet reversal under ultra-short circularly polarized laser pulses are 

studied. Using the magneto-optical method and a pump—probe technique 

based on the Kerr and Faraday effects, features and conditions of magnetic 

reversal in ferrimagnetic-based nanostructures under femtosecond circularly 

polarized laser pulses are established. As shown, the mechanisms of such la-
ser-induced impact are a complex process of laser-induced thermal demagnet-
ization of magnetic sublattices with a subsequent magnetic biasing by internal 
magnetic fields of different nature. Depending on the laser-pulse duration 

and intensity, they can be effective magnetic fields of laser irradiation or in-
ternal magnetic fields conditioned by different rates of the thermal demagnet-
ization of ferrimagnetic sublattices. Features of the laser-induced tunnel 
magnetoresistance effect in ferrimagnetic junctions are considered. 

Досліджено лазерно-індуковані ефекти післядії в магнетних нанострукту-
рах, які полягають в перемагнетуванні у полі ультракоротких циркулярно 

поляризованих лазерних імпульсів. З використанням магнетооптичної 
методи накачування—зондування, що ґрунтується на Керровому та Фара-
дейовому ефектах, встановлено особливості перемагнетування у феримаг-
нетних наноструктурах під дією фемтосекундних лазерних імпульсів. По-
казано, що механізми такого лазерно-індукованого впливу є комплексни-
ми процесами лазерно-індукованого теплового розмагнетовування фери-
магнетних підґратниць з подальшим підмагнетовуванням внутрішніми 

ефективними полями різної природи. Залежно від тривалости й інтенсив-
ности лазерних імпульсів, це можуть бути поля лазерного випромінення 

або внутрішні поля, пов’язані з відмінністю швидкостей теплового розма-
гнетовування підґратниць. Розглянуто особливості лазерно-індукованого 

тунельного магнеторезистивного ефекту в феримагнетних переходах. 
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Исследованы лазерно-индуцированные эффекты последействия в магнит-
ных наноструктурах, состоящие в перемагничивании в поле ультракорот-
ких циркулярно поляризованных лазерных импульсов. С использованием 

магнитооптического метода накачки—зондирования, основанного на эф-
фектах Керра и Фарадея, установлены особенности перемагничивания в 

ферримагнитных наноструктурах под действием фемтосекундных лазер-
ных импульсов. Показано, что механизмы такого лазерно-индуцирован-
ного воздействия являются комплексными процессами лазерно-индуци-
рованного теплового размагничивания магнитных подрешёток с последу-
ющим подмагничиванием эффективными внутренними полями различ-
ной природы. В зависимости от длительности и интенсивности лазерных 

импульсов это могут быть поля лазерного излучения или внутренние поля, 

связанные с различием скоростей теплового размагничивания подрешё-
ток. Рассмотрены особенности лазерно-индуцированного туннельного 

магниторезистивного эффекта в ферримагнитных переходах. 

Key words: magnetization dynamics, magnetic reversal, magneto-optical ef-
fects, tunnel magnetoresistance effect, ferrimagnetic nanostructures, pulsed 

laser radiation. 
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1. INTRODUCTION 

Physical limits of remagnetization speed are one of fundamental prob-
lems of magnetism physics, which has a crucial significance for crea-
tion of high-speed magnetic recording and readout systems of infor-
mation. Growth of attention to this problem is related to modern 

achievements of nanotechnologies, by possibilities of production of 

new magnetic nanostructures with predetermined physical properties, 

and development of the short-time pulsed laser radiation. The prospect 

of the solution of this problem is related to the use of the impact of 

short-time laser pulses on the ferrimagnetic multi-layered nanostruc-
tures, specifically, tunnel magnetic junctions [1], that can lead to 

magnetic state variations and the remagnetization effect. 
 The key role belongs to the effects connected with the laser-
controlled spin manipulation including the spin-polarized electron 

transport in magnetic nanostructures that constitute the subject of the 

modern magnetism physics, spintronics, and microelectronics. The la-
ser-induced magnetic transitions in magnetic nanostructures are de-
termined both by their spin and electron structure and by physical 
characteristics of laser radiation. Corresponding magnetic materials 

must possess rather high values of magnetic anisotropy, magneto-
optical susceptibility, and the spin polarization of conduction elec-
trons. The laser radiation must be characterized by the high degree of 

polarization, a strong intensity, and its pulse duration must corre-
spond to short times of electron and spin relaxations. 
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 The fast-speed directed laser magnetic impacts are realized via the 

laser-induced thermal demagnetization with subsequent remagnetiza-
tion by effective internal magnetic fields of different nature depend-
ing on the magnetic structure of materials and laser radiation charac-
teristics. The effective internal magnetic bias fields can be connected 
with the inverse magneto-optical Faraday effect (see [1, 2]) and with 

the effects of the transient ferromagnetic-like state in combination 

with the relaxation of the exchange antiferromagnetic interaction un-
der the pulsed laser-induced thermal demagnetization [3—5]. In the 

first case, the bias magnetic field (HF) arises only under circularly po-
larized laser irradiation. In the second case, the bias field (HTR) is the 

internal transient field caused only by the different speeds of the laser-
induced thermal demagnetization, and it is independent on the radia-
tion polarization. 
 The indirect laser-induced magnetic impact can be realized via the 

laser-induced spin-polarized electron current [1] caused by band-
dependent kinetic properties of spin-polarized electrons under their 

momentum-selective interband laser excitations [6]. Then, the laser 

magnetic control is realized via the exchange interaction of the spin-
polarized electron current with localized magnetic moments of a mag-
netic nanostructure.  
 The features and mechanisms of the laser-induced magnetization 

and remagnetization are considered below in ferrimagnetic-based sin-
gle layers and multi-layered nanostructures. The role of laser-induced 

spin-polarized currents in processes of the laser-induced remagnetiza-
tion is investigated in tunnel magnetic junctions. The laser control of 

the spin-polarized current in tunnel ferrimagnetic nanostructures via 

the pulsed laser-induced remagnetization is considered for the case of 

TbFeCo-based compounds. 

2. DYNAMICS OF MAGNETIZATION SWITCHING 

The influence of femtosecond circularly polarized pulsed laser radia-
tion on magnetic states and the conductance of the spin-polarized elec-
tron current is studied for the TbCoFe- and CoFe-based ferrimagnetic 

nanostructures. Features of the laser-induced magnetization reversal 
are studied for Al2O3/Tb25Co5Fe70/Al2O3, Al2O3/Tb22Co5Fe73/Al2O3, 

Al2O3/Tb19Co5Fe76/Al2O3 and Al2O3/Co30Fe70/Al2O3 nanostructures with 

a single ferrimagnetic nanolayer. The laser-induced magnetic reversal 
with the laser-induced tunnel magnetoresistance (TMR) effect is stud-
ied for ferrimagnetic Al2O3/Tb22Co5Fe73/Pr6O11/Tb19Co5Fe76/Al2O3 and 

Al2O3/Co80Fe20/Pr6O11/Co30Fe70/Al2O3 junctions with the PrO-based 

isolating barrier nanolayer. The TbCoFe-based and CoFe-based layers 

are characterized by uniaxial out-plane and in-plane magnetic anisot-
ropy, respectively. 
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 The laser-induced magnetization dynamics is studied with the help 

of the magneto-optical pump—probe method based on the magneto-
optical Kerr and Faraday effects. The Nd—YAG and He—Ne lasers gen-
erated the pulsed pump (with duration i  130 fs) and probe radiations. 
The scheme of corresponding optical research is presented in Fig. 1. 
 Due to the strong spin—orbital interaction for the rare-earth Tb at-
oms, the femtosecond laser-induced magnetization does not cause the 

magnetic reversal only by the laser-induced heating [4] that is ex-
plained by the delay in the dynamics of intersublattice exchange relax-
ation. The distinction between magnetic moments of atoms Tb and Fe 

results in the distinction of corresponding magnetic moments of Tb 

and FeCo sublattices of ferrimagnetics. This is exhibited in the de-
pendence of ferrimagnetic nanolayers on their component composi-
tion.  
 The direct laser impact on the magnetization occurs via the interac-
tion of the circularly polarized photons with spin-polarized electrons 

of a magnetic medium. The Raman-like photon excitations of the elec-
trons together with a spin—orbital interaction are accompanied by the 

spin-flip and remagnetization (see [2]) providing the inverse magneto-
optical Faraday effect with the effective internal bias field (HF). The 

pulsed laser irradiation causes heating and demagnetization that in 

combination with the laser-induced effective magnetic field can lead to 

variation of magnetic states and the remagnetization. The direct 

 

Fig. 1. Experimental scheme of the optical investigation: femtosecond laser–
1, 50% mirror–2, total reflection mirror–3, long-focus lens–4, substrate 

with film–5, polarizer–6, Senarmon prism–7, photodiode–8, differential 
amplifier–9, Babinet compensator–10. 
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femtosecond laser-induced impacts can result in the internal effective 

bias magnetic field HTR connected with the transient ferromagnetic-
like state caused by different demagnetization rates of ferrimagnetic 

sublattices [3—5]. However, in the considered case of TbCoFe-based 

ferrimagnetic this bias field HTR can play role of amplification of the 

effective bias field of the inverse magneto-optical Faraday effect. The 

transient ferromagnetic state is succeeded by the recovery of the mag-
netization. 
 The indirect laser impact on magnetic states in nonuniform multi-
layered magnetic nanostructures occurs via the laser-induced spin-
polarized electron current between magnetic nanolayers. In this case, 

the remagnetization of the magnetic junction can be caused by the ex-
change s—d-interaction of the laser-injected spin-polarized current 

with the localized magnetic moment of the injected layer of the mag-
netic junction. The effective internal magnetic field Hsd of that inter-
action consists of two components, Hsd  Hs  Hinj. The first component 

Hs is related to the s—d-interaction of the transverse component (with 

respect to the magnetic moment of the injected layer) of the magnetic 

moment of the spin-polarized current. The second component Hinj is 

related to the s—d-interaction of the laser-injected longitudinal spin 

component (with respect to the magnetic moment of the injected lay-
er), which is characterized by a non-equilibrium distribution. The 

mentioned effective internal magnetic fields together with laser-
induced thermal demagnetization result in the remagnetization, which 

is accompanied by a tunnelling magnetoresistance (TMR) effect. 
 The results of the magneto-optical measurements are presented in 

 

Fig. 2. The time dynamics of the laser-induced remagnetization under the 

high-power polarized laser pulses. (I) Probe laser pulses pass through the 

Al2O3/Tb19Co5Fe76/Al2O3 (1) and Al2O3/Tb25Co5Fe70/Al2O3 (2) films irradiated 

by circularly polarized pulses. (II) The probe laser pulses are reflected from 

the Tb19Co5Fe76 nanolayer of the Al2O3/Tb22Co5Fe73/Pr6O11/Tb19Co5Fe76/ 

Al2O3 junction irradiated from the side of Tb22Co5Fe73 nanolayer by circularly 

(1) and linearly (2) polarized pulses. (III) Probe pulses are reflected from the 

Co30Fe70 nanolayer of ferrimagnetic Al2O3/Co80Fe20/Pr6O11/Co30Fe70/Al2O3 

junction irradiated from the side of the Co80Fe20 nanolayer by the circularly 

polarized pulses. 
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Fig. 2. As it is seen from curves I, the laser-induced magnetic reversal 
of the Tb19Co5Fe76 nanolayer under circularly polarized laser pulses oc-
curs faster than magnetic reversal of Tb25Co5Fe70 nanolayer because of 

the different contributions of the iron magnetization in the total mag-
netic moment of these nanolayers. 
 As seen from curves II in Fig. 2, the laser-induced magnetic reversal 
of the ferrimagnetic junction under circularly polarized laser pulses 

(related to the bias field HF) is determined by the magnetic reversal of 

the irradiated ferrimagnetic nanolayer. The laser-induced magnetic 

reversal under linearly polarized laser pulses is determined by the 

above-mentioned effective bias field Hsd related to the laser-induced 

spin current. As HF  Hsd, the remagnetization rate is higher in the 

case of the circularly polarized laser irradiation. 
 The behaviour of the laser-induced remagnetization of the CoFe-
based nanolayer with in-plane magnetic anisotropy is related to the bi-
as field Hsd. In considered cases, at strong laser-induced heating, bias 

field HTR can enhance the remagnetization effect. 
 The above-mentioned laser-induced magnetization in the TbCoFe- 

and CoFe-based ferrimagnetic junction is accompanied by the tunnel 
magnetoresistance effect, which occurs without an external magnetic 

field. Corresponding curves of the laser-induced resistance changes 

under femtosecond circularly polarized laser pulses are presented in 

 

Fig. 3. The laser-induced conductivity dynamics of ferrimagnetic Tb22Co5Fe73/ 

Pr6O11/Tb19Co5Fe76 (I, III) and Co80Fe20/Pr6O11/Co30Fe70 (II, IV) junctions 

irradiated by the circularly polarized femtosecond laser pulses from the side of 

the layer Tb22Co5Fe73 (I, II) and Co80Fe20 (II, III), respectively, at T  300 K (I, II) 
and T  80 K (III, IV). 
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Fig. 3. The laser-induced change of conductivity of the ferrimagnetic 

tunnel junctions are caused by changes of density of states of spin-
polarized electrons near Fermi level caused by the transition between 

parallel and antiparallel magnetization configuration of the junctions. 
Generally, for the TbCoFe-based tunnel junction, the remagnetization 

occurs via the laser-induced effective total internal bias field, Ht  

 HF  Hsd  HTR. 
 For the CoFe-based tunnel magnetic junction with in-plane magnetic 

anisotropy, the bias field Ht  Hsd  HTR. The value of the TMR effect 

(presented in Fig. 3) depends on the tunnel conductivity of the PrO-
based tunnel barrier, which is considerable because of the observable 

overlap between wave states of electrons outside and inside of the wide-
gap semiconducting tunnel barrier. 
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