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Abstract

The main apllied instrument of nano science, the interdisciplinary science, is
control and manipulation on a nanometric scale, which allows the fabrication of
nanostructures with the properties mainly determined by quantum mechanics.

Nanostructures constructed from inorganic solids like semiconductors
have new electronic and optical properties considerably different from those of the
common crystalline state due to their size and quantization effects. For this reason
provoked a prospect of development of principally new materials and devices for
information technologies operating as charge, and spin degree of freedom of
carriers, which allow include ferromagnetic elements into semiconductive devices
and thus create the spintonic devices operating principle of which is based on
effective spin injection into semiconductor, spin manipulation, control and
transport properties,also spin detection. From this, the main role is addressed to
the semiconductors being good injectors.

In the introduction the thesis subject actuality value has been discussed,
which underscores that the Diluted Magnetic Semoconductors(DMS) such as the
possibility of controlling the magnetic state of material with an electric field and
the giant planar Hall effect, which exceeds the Hall effect in metal ferromagnets
by several orders of magnitude.

There are no effective ways of injection of the spin-polarized current in
non magnetic semiconductors at the present moment. The spin injection from
magnetic semiconductors in non-magnetic ones gives good results in a number of
cases, but while it takes place only at low temperatures, far from room
temperature. the main goals in DMS studies is also to reach high Tc values, but
Curie temperatures in (IILLMn)V DMS are limited by low solubility of Mn in III-V
and by complexity of the LT-MBE (low-temperature molecular-beam epitaxy)
technique.

In the first chapter there is reviewing the spin related phenomenon in the
semiconductors, spin transfer mechanisms and transfer problems across
ferromagnetic metal/semiconductor and metal/semiconductor junctions.

The second chapter is theoretical and deterministic. In this chapter we
reviewed the Ferromagnetism in (IILLMn)V DMS, exchange interactions and
theories for explaining spintronic phenomenon. This include either spin-orbital
coupling, Stoner’s exchange mechanism, Zener kinetic exchange model, a
generalized Ruderman-Kittel-Kasuya-Yosida (RKKY) approach which is used to
calculate indirect Exchange, and different theories(effective Hamiltonian theories,
k-p approach).

In the third chapter we explain DMS synthesis methods. In spite of The
Molecular-Beam Epitaxy(MBE) and its modification — LT-MBE being one of the
optimal method for producing semiconducting alloys, at high substrate
temperatures and high Mn concentration phase separation and surface segregation
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takes place which creates complexes with As atoms. Together with MBE we use
more advanced Laser Plasma Deposition(LPD) methods at which deposition needs
more low temperature then other growth technology. Thanks to it's narrow
frequency bandwidth, coherence and high power density this instrument is used
in many scientific research works and experiments. In this chapter are considered
the measurement techniques (Hall Effect, Magneto-Optical Kerr Effect) for study
ferromagnetic materials.

The forth chapter dedicated to discussing and main results of our work.
Epitaxial films of III-V compounds of Ga, InGaAs, and InAs were grown by laser-
plasma deposition methods, which exhibited ferromagnetic behavior up to 500K.
The pronounced anomalous Hall Effect for InSb:Mn and GaSb:Mn DMS layers
with an X-ray spectral content of manganese N mn = 13 and 15%, was observed for
Ge:Mn and Si:Mn layers.

Disorders wich take place in such films at high content of Mn, forms
grains consisting of a Mn compound with a type V-element, such as MnAs or
MnSb, which are ferromagnetic metals. GaSb:Mn Films with thickness 40-140 nm
were deposited by means of laser plasma. We have found that the change of hole
concentration, by more than one order of magnitude, keeps the value of the
saturated magnetization roughly the same for all films in the range Ms = 3.6-5.3
mT.

For calculation of Disorder in 2D structures and Coulomb long-range
fluctuation potential we introduced quantum well (QW) structures GaAs/8-
Mn/GaAs/InxGaixAs/GaAs with high enough carrier mobility (2000 cm? V1 s1).

InMnAs film structures grown at Xwn = 0.3-0.5 and T, = 280-330° C

exhibited ferromagnetic properties both at room temperature and at 77 K. We
have found that the pulsed laser annealing promotes the substantial activation of
the Mn impurities (the increase of the holes concentration) not only in case of
InMnAs, but also for GaMnAs and GaMnSb films.

However, this nonequilibrium process leads to the non-uniform
distribution of Mn acceptors causing the appearance of areas both with the
increased hole concentration (degenerated or “metallic droplets”) and with
reduced that (strongly compensated region).

In the experimental part there are described Ge:Mn, Si:Mn and Si:Fe films
on GaAs or AlOs substrate, also InMnAs, GaMnSb, and GaMnAs ferromagnetic
alloys’ synthesis experimental methods by means of low-temperature MBE, metal-
oxide-semiconductor hydride epitaxy, laser plasma deposition, laser ablation,
Nd:YAG impulsive laser (A = 106 mkm) method. Ferromagnetic resonance (FMR)
were studied at 77-500K , 9.3 GHz frequency, by different orientations of
external (0.66T) magnetic field. Substrate, crystal quality and phase composition of
the samples were studied by X-ray diffractive methods using DRON-4
diffractometer. Magnito-optical properties were studied by longitudinal Kerr
effect.



As a conclusion we can declare that for Ge:Mn/GaAs, Si:Mn/GaAs and
Si:Fe/Al20s films magnetic force microscopy measurements together with high
electrical activity of 3D impurity shows ferromagnetism to be provoked by 3D
solid solution rather than ferromagnetic phase conclusion.

For InGaixAs quantum wells with a Mn §-layer in a GaAs matrix the
disorder related to the long range fluctuation potential caused by nonuniform
distribution of Mn atoms. At low magnetic fields sample exhibited paramagnetic
behavior. In high fields the unusual shifted hysteresis loop is observed, attributed
to the coexistence of separated ferro- and antiferromagnetic islands.

In the case of InMnAs films with optimal Mn concentrations anomal Hall
effect is caused by InMnAs ferromagnetic properties not by secondary phase MnAs
conclusions. For this system strongly degenerated areas (droplets) with the
increased holes concentration is appeared, separated by the compensated spacers,
where the holes transport has the hopping character.

At the end it should be emphasized that the presented experimental data
shows the effect of disorder in the properties of dilute magnetic semiconductors.
The main reason for disorder in dilute magnetic semiconductors is the very high
concentration of randomly distributed magnetic impurities (Mn), which is needed
to provide sufficiently strong magnetism.
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3963me0gs  IguOrmm@s  bobgz9M3MmbEIEHMEO  3mb6ESB-oemgzsb  Mgig0dd0
6493mdol  Bgs30M0L  BHMIMYMmoxool  BsfgMom.  mzommgmwo  bsbol
139606900L 8909y 3M3O3006M0 FOFMOODM @S BMmbEo sfgmwo 0dbs Zo
L03oEgBY( Zo 033w gdms 10-10068). Igmeg gobFmengs Bs@ots 3060H39w0
39630me030L5L BsfgMomo EH®mogdBHm®mool golzemog. 3mblmermMo MbgzoLol
3oBmdoo  0dbs  FoBol  Hobozgergds  90BbBIdOL  BHMS9IEBHMOH0LM
909509d5d0, OHMIgwos 399m3gmeo ogm bodmdosb dsgbodmo dserol
MO09OHJd9gd0m. 25dmyggbgdmwo odbs NSG-11 Loeroiordol Bmbogdo
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3MOseBHoLb  oxgs®zom  (NT-MDT Company. bmbogdo  @sds3bo@s
139305 M0  bgabsfyml  (ThermoMicroscopes Company 539 )sdmyqbgdom,
Omdgwog HoMmdmoagbl gsbdmb@3gali(mbgowsgom®o (MHgwo, OH™IgEos
39033930 BOOROENL S 3MBOIBLIGHMOL), MHMIJEOL JOZELPOMSF AILOMOS
5352603930 ©gbo(dolo Imddggdol 3OHMBE030 sbsmyomEmos 359
Bodf9M90d0 bs3FgM-Hoddegero 053530L). 3sabgE0BoEooLsll Bmbool mgMdo
R06OR0GHd0 399©d030 390l 300d30mbgbEHOL oMW IOHO 0ym.

Dbl s 6/FMIL ImeoL sabo@mo MMM0gOH™MJdggdol dosgrols
0990pmdo 250MmmM3g00m 5dMmomgzs IMbsBEOYds, HMI HBmbool dsabo@m®do
dmd9gbBHado  39MOogEEos  dobo  gdol  odsdm.  bmbgdo
5390 (QoBMmIoo  0dbs domo  Fogbodmdo  dmdgb@gdo) 3D24N
3990 Bs3GgOOL  mbogzgMLIEMMO 3535308 LomMogbEsgom bodmdmemo
3995¢900900L  259mEHM39d00  glom. HBmbo-60dMdol MGPOgMmNJdggds
500900 0465 ©03MmEEmo s IMbM3MEMEMO Fosbrm3zgdom. 50BMmRbos,
60d 3MmbM3MmOO d05bEMmgds O3MWH F0obEMmgdOLORD 2sblibgzsgzgd0m
390509000 BMLE© 50HgOL 53 9Ju3gmH0dbEHOL 306HMdYdT0 BMmbo-b0dMdols
MOMN0YOH01JIGGO.

InMnAs-ob go69d0 539600 0dbs sBgMHwo SdHE00L FgoMEOm
dmdo MgodBHm®do  (gowdool s sMLoboL ( AsHz) 056556OLgdmdoLsL.
3063000 wga0m9RdMwo InAs (p ~ 107 133)LsBoBBYgdo s 9GS mGo Mn,
39603000696 305 3005(odesls)  Nd:YAG  39elo®gdmmo  @sbgdob
299my969d00 (A =1060330). 033w 9dMm©s InAs-0b s Mn-ob sen@g®bos@om®mo
503006 EOMOL 3009303090 EHO( Xy = tyn /s ) © 3GM3E9LOL 3gd3gModGo.
50-500 60 InMnAs -ob go®gdo ©sggbowo odbs GaAs(001) gmdgdmgby,
3M0LGHIOL bsmobbo s FoMdOL BsbBMMo Fgdoagbermds dqbfiogerowo
065 69639608 oxrMsdzowo Igmmgdom DRON-4 ©ogiMod@mdgddol
399my9gbgdom. 9gwadBH®Mwo  ®30L90900L  Tglfogwrs  25dMIOBIMYMDOS
3meol  939JBoL  3oBMIz9006 o 9GO wo  §obssmdgymdols
A99396M5G OO ©s3Mm300090Egd0©sb 77 ©sb 370 K (3$933965¢)m9gddy,
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353693 M-m3@03mmo 30190980  dglfiogaromo  ogdbs  olfizdozo 3960l
95393BOL 25PMAz900m. B0MHJOOL BgOI30MOL FMOHRMEMY0s s FsboGIMO
390mbobMgds  Jogdmeo  odbs  "SMENA"  Godob  dsb3s6069d0gwo
30360m3m30L Lsdswgdom( NT-MDT-bgwgbma®oo). ©sds@gdom, 196900
dgLfogaroo ogbs M3sbol  L3gdBHOmbzm3oom sMymbol (A =514563 )
WsHYIOOL 359mYgbgd0m Mmsbols 39d39Mo@MoByY.

p-InMnAs 3396900l 3536935053960l ®30L98900 dglfogerowo odbs
30¢ 3Mwbwe  dsabo@me  39wdo, b608Mdgdo  dBIES  WDBYHO
05539600 5 YTo3WS OOl sDYMOL 3Meligdols 39339MdO. 35RO
1599935390 ds 609 Fgdds  5B3969L  P-3Hodol  godGotgdwmds, ®mEgLss
598539050009 oLobo 0943696 n-Eodol. B3z96s AoLOMEMS© SBMTseHo
3ol 9539J@oL Hobospmds 35653536936 dymdotgmdsdo (T < 40 K) s
dE0gMo 35300 MMo 39¢oLsl(B > 20 T) 90dmbbs 890M900m 0O, 30006M9
19O®3s2boEGHWMO0  IAMIsMgmdOLLL(T < 40 K), Lsbsd g®dogo [oboswmds
0DMmYOM©d A993965G OOl 300, MSOHYMBOMO
35269BH™F0bs508IMds 29X JMGIMwo bgds >10¢ dspbo@dweo 39wolsl
dbmemn T = 4 K oOmb, 08 dmb GmEgbsg 939 -ob fobsmmdol goxgdmgdols
3900 3905609000 306095 (=2 & T = 30 K -Bg). {obsmmdols bHryemo 3s6mbos
10 & 39obsl 10 X9 5Fos6d9dL. d0Mgdeo J99agdol 0bEGHIM3MYGSE0s
dmbs 943930 Mn -0l 5GH™IGOOL 5M6IOMPZ5MM3560 Qobsfogdol
3965)O0M, MO0 BIOMINRB0GHMOO  23OHOJdbgdoly s FoMob
39939MJOWMIOL 2030w E3MOL  Auasglo  bollosmMob  49dmIobody,
OMIJLs3  9©A0Wo  9d3l 93300 MOMOgMHNJI)EIdoL  dErogMo
RMIGHMIOE00L  306Md9dT0.  F93b0EM-9w9gdBHOMEO  5MOgMMY35MM3b900L
dsboliosmgdgeo BmIgdo J9x35B90vIe0s sbg@MHobssmdgamdol &gbBbmemol
5M5@00aMmbom®mo  3m33mbgbBHdol  IgbmbB3Mm30mo  BEJGHWYS30900L
sbsgrobom.

20068 Lbobidol dmbso3MMo GHodob gs83F306M35¢g InixMniAs go®gdo 10

5 % Mn ol 999500396 md0m d00gdwo 0dbs sBIHwo 3esHI0Ib
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0553960l 39Mmom (W3). BoGOL BOHEOL (H9)d3gMo@Ms dgsygbos 200 °C,
3oblbgoggdom GaMnSb, InMnSb ©s GaMnAs goMgdobs , 563 09abgE™
M3G03M00 3900L 9539dGH0 @O O3 BJOMIsaboGMMO MYLMBIBLOL SBBMMBEZ0S
56 0dbs ©sdBgMowo InMnAs ol 99d0bgzg35d0, M3 3w9olbdmodls MnAs-ob
BoBIODMYGOOL 5OOLGOMBIL. 50BMTd Br6dgbodg bodwmdo , HMBgwdog sB3965
565¢Ma0M0 (3939, 353650 53 LYFMTsmdo dmyz5600s BodMTgd0, HMIGEL M3
399hb0sm gMdogo fobommds px = 3:102Q:Ld  T= 300 K s bgemgegdols
3M63963H®Ms30s p = 2.6 -10¥ LA 3, G55 FoMgdMEos 3ol 9BIJEHOL
295M3398056 B <1 T 3gemobsb.

603m39dL  35369@M9GHB0MmO o 3meol  9x39dBHOL  oBMIZzgd0-
L300l A99BBIM  LEHIBIOEGHMWO Mm®MToa0 3390006 FMOTS( Q59EHIOMIOL
sOboll bobdg s Loga®dg dgoaqbs W=25 93 s L=9 99, dglsdsdols).
239BM83980  BoBHIOS  3H9I3gMoGH e LoBrgMgddo 4 b 100 K
399bo®gdmer dsabo@® 39wdo 30 &-0@y. 3MwLol bobyMdwogmds 0.8 ()0
@5 390l 50d3mol Mm 0.08 §d. 953693 MA9sGB0mo Bobolinsmgdwgdo
399065¢0B 39000l MO0 3 HOHMDBOLSL.
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6. ©sl336s

99b3960896¢ o Imbs3gdgdol MMEgE03MYWwds IMEI0MgOsd O

do6M0mods 33¢9390ds sB39b6s:

390 Mool 2o3wgbs Ool3MgG Mo  ©dd  -ob
30L9090b9.  F(glE0ygdMdOl  dgdsboBdo  FYMIsMgMBL
Fo0d0 3mb3396@Mo300L FogboB Mo Fobstgzol (Mn) 5E0ds0Y6
3oboffoegdsdo, GmIgwos  MOOHMb39wymdl  Lo3dom@  IdEsgze
dogb9@obaL.

93035JL0sW MO B0MYOT0, HMIWIO0E JOXIMJOYwos Mn —ob Ys6o
blbos®oom  GaSb  -do,  ImfglE0dEMmds  FoMTMoqbL
9909 MmdsL Mn-ol  gob3bmemadmEo 5GH™IGO0L Q9O
0o60moBgbl  gHMBogbgd Mo  Fsbgobmddgdizgo  BsbsOomgdo
(MnSb-ob 3596900 50so 3096000 ¢H9d3gMo@GMIHom) .

Mn -ob &-ggbolb 999339 In«GaixAs -ob  J336@wm60
LEAOMIGHOOLom3z0l  GaAs-ol  oBHMoEsdo  IMMHILOOYIOCMDS
©5393006090Mm0s  gMdgwo  0s35HBMmbol BB e30®
3396305 m9b, Moo 03931 Mn-ol 5@™Idol sGMogMHMNY35MM3560
3obofloegds, Go3 9oomd 860d3zbgwmgzsbos. 00 dgdmbgggzsdo, Gmss
Mn-ob 9bs 999mymzowos 4356¢Mo LE®MWJEMoLoysd 363-ob
Lobdob Ub3golg®oom, Mn 00 godmf39wo MmNl gdMds
3939bsll  sbabl  gugdBHOmMbms 9o Bobsbg  J396@HWE
LAHOMIGHMOSGo. g M3300MHEYdS  FMbPEGHMS  3MyddoL
MOM0JOHMJIJIIL TG Mn-ob 0mbgdmsb, M™mIwgdos
59393GH™O0L ML 05359Md9b.

Ge:Mn o Si:Mn - ob g9bgdolsm3z0lL, GMmIWgdoE WsBYMHM-
3doBdmGmo  dgoomEgdom  0dbs  ImIBsIdMwo, 309960
A9939M5GHMM58  Mmmobol  $Hgd3gho@MeBg  3dE0wgdom  dg@o
09500900605, 0939 OMmamO3 Ge:Fe - by s SitFe - 30l 3omMob
A9939653MMgd0m 77K 5 220K Jgbsdsdolo. sG9fmbolifimemen
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0963065036 3060Hmdddo Ge s Si -do 3d- dobsrgzms dgs®o
blbomoom  BgaoxgMdMmo  9ugdgbBormeo  Bsbgzs6medEHsMmgd0l
WsHYOHMo  BmOI0MGOS  9M9Bs3gd  bgwlboyggwos, 30069
0mbnMo Lbogom gao®mgds Si:Mn  ggOMmdsabo@m®o  dgMggdols
BMOHI0MHGOOLSMZ0U.

5edsbobgd®mo  bsbgzoMmdBOMgdoL  gdb-ol  dBsBy  TMbEOL
3900593Hobgdol  dz3Mo@mds  100-xg6H  Fowoe0s, 3000609  396MQ5Q
3bMdowo Bsabo@wEmo bobgzs658BHsMmgd0LsmM30L. BIG dMbs3gdms
056sb3o 30Ol fodGHowgdo GaSb:-Mn o InSb:Mn (GaAs -ob
1d9dmH9Hg)-030L 500k -Bg 556530900 0gm; Ge:Mn/GaAs , Si:Mn
/GaAs o Si:Fe/Al:O3 -3969d0bomgols 3o - 420, 500 s 260 K-%bg
35653900  Jglsdsdols.  Fogbode  dowrmo  dozmmbzm3ools
dmbs3999%0  3d -80bs6g30s oo gergdBHOME  59GH03MdLMb
9Omo©  230P39690L, MHMI  FgOHMIsgbgBobdo  aodmfiggmeros  3d
d0bsGgmo dyséo LbbsGom, 3069 39OM™MIR60GMOHO BsBMMO
BobsOIDOOM.

99L5dEdgE0s B33 Mm, MM L3xE0B0IMNOO0 M30Lgd9d0
399m33cgmero InixMnAs (x=0.1) goGd0Lsm30L  A5dm{H3gmeos
36535¢0Mm03bM3560 EMbMOHMo ©IRIJHJI0D S SJBHoMGO Mn-
906569308 (5J393G™MMJIOL) 9GO GOMAZ5MM3b0  obsfiocrgdom
0339lMO0  sHYIOHMWo  ©FMTs3900LSL. MMaMGE F99a0, S
LobE9dgdolomzol 2450mBbs dmd5@H 900 b3Mgegdol
3Mb639bGH®Mogools dE09M-25009335M90 )0 969900(§39009%0),
OH0Iwgdog godmygmaowo 0yzbgb 3m3396LoMmgdmewo L3golgMgdom,
Loo3 HB3MIEGOoL A9sBObs 5BHIMYGOS babEHMToLYdMGO  BHo3ol
boLosL. MO 3nd3mbgbEH0560 Fmgwol Msbsbds 3meol 98930
3960LsBE3MIds bgMgegdols 25o@sbom 3000900l gogwom, Loss
B08m8ob  299BHMGdMdS  gobolsbegz®gds  babEMBolgd o
39G9b0m  3m339bLoGMYOME  56M99dd0. B3gbol YBMOm  3meErols
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995393B0L  ©odBgMHowo 9B6MAs¢r0gdo F9TM{ITME0s MOS0
19O™A2boBMOH0 M oddbgdom,  MHMIgdol  bolosmgds

03909%0L 9bgMo0l 90300930 s 39000l BMIGdoL AsBOO.
0390006  dogbom  Hoboswmdol  oLIMYEHMIMdS  FoMIMIMDOL

56m3oe®0 3mol 989JGOL 39bL3MMMIOME J3935L, BMIgEos
3565052b0@MM  dyMBoMgmdsdo  5FoMdIOL oL QoxIMJOIM

360093690 mdsL 309960l }9939653M90bY QS
A9939653M9d0LSL.
399300305 530b03bmom, ™I DoMdmoagboro

9939603960 Imbs399900 330P3969096 Mgl gdMdgdOL
3939bsl 936 -0l ™30L909dBY. IMMFILOOYJOMdOL gBM-9MHMO
30bBgbo 436 -0 MOl sEBsMMMOE Fobsfowgdmwo  dsabo@meo
dobotgzol (Mn) domoero  3mb3ab@GH®MeE0s, G®mdgroi  LsFoMms
ddogMo 3sabgEBHoBdolsmzol.

InGaixAs J39s6@Gmcmo LEHOWJEHMOHOLIMZ0L, GMIgmoi dgo3o3L
Mn § -g9bsb GaAs - ol 8s¢®0@3sdo, dmMfgleoygdermdgdo
13930060905 BSOOOM O335HMbOL RBEJEHO30ME 3:mEHIbE0swL,
OMIgog godmfzgmos Mn - ol 5@GHMIgdol sO5gMMY356M™3z560
3oboffoegdom.  dombgogs  0dobs, MH™I Mn- ol  99bs
390Mmgmaoo  0oym  J3s6¢mo  LEAHOYIGHMosb 368  Loldol
139obgmom, Mn - gobsfiowgdom 259m{39mo dmMFglcngygdEMmds
3939bsll  9bgbl  gergdBHO™Mbms  2ooBobsBy  J396FHwG0o
LEAHOMIGHOOL dogboo. L 390m{39990 3M)ddols
MON09OHJ3909d00 FMbEHgoLs s 99393GHMOME ©sdMbEme Mn
- ol 0mbgdL ImEOL. MMI3d 96 Fg0degds 093696 Mn -0l sEHmIgdo
9439660 LEGHOWJEGHMOOL Fogabom, 9bMmTsErmEmo 3meols 9x39dEHol
2odmPBabs o dogbodmdo  Ru  fobommdol  3gd3gmo@eyero
©59M300093Ygdol  gM3x303bHg 3bsymxngb  3s3bod®
dmfglemoggdsl.  J9gagdol  0bGHYM3MYBH0MGds  JmbEs  BIGOM

116
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390m0©0bsMg. BB o3oMo  3m@gbgosol  gsdmdf3930
d0bgbos  Mn - ol 9M9gOHMP35MM3560 gobsfogds. odowo

353603MM0  3gaolsls 60399d9dds  sB39bs 3965853693 MM0  J3939-

oo 39e0l  @OML  9MB3)MIIM030  A9BI(33 900
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