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Abstract

In the last decade 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
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the giant planar Hall effect, which exceeds the Hall effect in metal ferromagnets
by several orders of magnitude.

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.

In the third chapter we explain DMS synthesis methods. we use more
advanced Laser Plasma Deposition(LPD) methods at which deposition needs more
low temperature then other growth technology.

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. For calculation of Disorder in 2D
structures and Coulomb long-range fluctuation potential we introduced quantum
well (QW) structures GaAs/8-Mn/GaAs/In<GaixAs/GaAs with high enough carrier
mobility (2000 cm? V1 s71).
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InMnAs film structures grown at Xwa = 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 laser plasma deposition, laser
ablation, Nd:YAG impulsive laser (A4=1.06 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/Al2Os 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 InxGaixAs 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

12



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.

13
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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 (III,Mn)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 (IILMn)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 = 3.65.3
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? V-1 s1).

InMnAs film structures grown at Xwn = 0.3-0.5 and Ty = 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 (1 =1.06 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/Al20Os 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 InxGaixAs 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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99996390 5edolobgdcmo Bobg3zoMs9BHMGO0L Si s Ge - ol, s36Mmgm39
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Si:Fe/AL:Os >50(77K) | 250 ~1 - -
CuCr2SsSe [10] - 310 400 6 (100K) | 0.15(100 K)
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593933™M900 boLOSMYO0D sdsO 0MBOBI3O0L 9bgMgogdom.  5J9b,
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Bob. 4.1. gI6 L3gdB®o (5)GaSb:Mn/GaAs, (3)Ge:Mn/GaAs, s (3)Si:Mn/GaAs
609978930, GMIYdo3 MmM0gbGHOMdMWos dsgbo@MMo 39wol  39MH39bozwMs-
Oeo© Bb3solbgs 3gd3gMmo@mMad®y (5060369905 36r¥9gdmsb sHemb); 390 E0-
390 gMdo  (FoBIBHd0 Mvs BsB39bgd0, BIMEOMIOMO GOMYMgdo) Hotmdm-
5Q9bL BIO SBLMEOBE00L L3gdEHEMOL 306390 MoROL HoMmImMgdmwol Y ' 533w0dv)-

QoU.
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SiMn  -Logol dogbo®mMo  8mdgbGgdo  Jmbm@EMbMMo  I30MHYds,
650009650053 H9939M0GEs 2obool BOL(s)ygdmewmo 77K -qsb).

Si:Mn -ob ULgdobggzsdo 986 UL3gdBHMo Tgagds ®mGo 6 Jg@o
9BMbIBGHMo  3030L0g90. gl MOl L30bME  FHowmMo  MYHBMbIBLOL
99000bgg3s, ©oysb  fodms  983woBMEgdl  qooBbosm  Lofobssmdgym
dmfglM0ygds 4909960 3900l BOHILMID gMms. Mn-ol 993500396 mdobs
5 30MHoL LobJob 356MH0MJd00 933000 3335X MM 303900l T30 EHIMO
36OM3MOE305, 353653 965 Fomo  3mboios.  bmerm©  9Hmo bmb@o
196O™3sbo@weo 956906m3ol  Loogoos 3bmdoo, OMPMOE3
3b6GH0BIOMIsgbo@Gcmo 29 K 30496M0b 39d396s@«eoom [7] s 8g¢oswy®o Mn.
5J0®96, Si:Mn — ol 60dwdqddo sdbgMHowo xgIG 303980 odmf3gmeros
39699600 LEOYJEHMOOL SOLYOIMdOm. BTG 5T LEOWJEHIMJOOLSL OIS
=500 K 99396536Mobsb. dbgoglo Ge:Mn - ol 9900mbg93580, sdoi 890966935
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RO FoOhms 39d39Mo@GMIOHI0 3509b533Wgds 30609 39gdoLszgh s dsmo
06@9b6b0gMdol gbmliEgds. mv) Bsgmzwom, M3 m30mmgwer Mn-ob ombl

3o9Bb0s 1B30bo 5/2, 35806 F9p30d0s A5TM30mM35¢mo Mn-ob 3mb3zbEGHMsEos
(Nmn) Bob. 4.1 - Bg 65396900 8mbszgdgdol d9dggmdoom. sda35Me©, Bz9bo
3560599000 Mn- ol 3sabo@G«e 0mbms 306396EGH®s30s GHMos 2.6 - 102! 133 56
59 5¢ % -05 Ggsmgdom Ge:Mn -msb 256 K ($93396o@Moby. dbgoglo
3905700 Si:Mn- Logol dmoggds Nmn = 1.8 10 2 b33 3oMzgwo RIO
3030530l @s 2.8 - 1021 b33 - FgmOg 3030L5M30L. FoboBHIMS© SJGHOIOO
3obg9bmdols Howro F9scmgdom ©oos(= 9 s¢ %), 300Mg Ge:Mn - do. BIO
o6gdol  goobogrgds o360z  3HgI3gMOGHMMOL 3 gdSLMID  JBHO©
330h39690L, MMA 3M0d3H03MWs© Y3gas dsbyobmdols sGmdo Bsabo@weo
59306 05(bsb. 4.1).

965 Mmy0mEs© bgds 3dIM-ob 33owgds 77-270 K ¢gd3g6o@evyen
©0535Bmbdoi SiFe -mgol ALO3 gmdgdegbgs. -V 89bsgbomgddo o
909996306 Bobg395M2593H9M90d0 35603 MBdOL Egd3gesd OO
396005305  50blbgds 330  d94oboBdomm s  Fobgzow@ol  MmgMmMool
3M63998330900m. 06000ToLs s Q9Er0dol s6EH0dmbogddo (InSb, GaSb,
0b.bsb. 4.1) 3063900 5d393GMOMWO MY MYBMBIBEH M0 s BEYdMYMBL
0.6 93- ob B Loz gbBMm Bmbol F9H0H. Tm —Bg d39dmo Mn -ob
5G™dg00lL 0mboBszool baGolbo 0BM©Yds 3H9a39M0GIMOLMb ghmo©, Mo
3900399905 1535¢9bGHM BMbsdo FEYMIsMGMdsMs 9x39dGMo bod3z3M030L
DOEOm. 535L  30394o350™  ©F9b03JIMMIOL  ASHBOEILMIB 5/2 L3obols
dJmbg Mn 0mbgdol dmbsfogmdom, Moz s0bobgds 1M 139dEBHMBY omowo
39005396 (Bob. 4.1 o).

99996300 65bg35698@9Mgdol(Ge s  Si) 9db-8o 3d -
d0bs693900L 2-%96 IgBHo© 5FoMd90L, 30069 GaSb:Mn s InSb:Mn -do,
530G™d 3d dobsgmeEo 5GHMIGOOL 0MmboBI300L BaMOLbOL BEOIL J039s35M0
3o B30bMS 6F0BIOMIR60EHMO MOPOYOMNJI)YOILMD.
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©sdBghomo  xd6  LB3gJBHOoL  dghHo  bobmEGHGM™M30s  bodmTol
O GHO300LsL dmygzsbowos (bsb. 4.2) Ge:Mn s Si:Mn - ob goMgdolsmgols
330h39690L 2569256 35260@6 390096 F99Mgd0m oo Bsabo@wemo 39¢ol
©M30boMGdL, Mo 299Mf39990s dMEHYgwro 60ddol ygmdgEMH00qsb.
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Bob. 4.2. 5I6H sBLm@BzoOL U399HBOL 30(39¢m0 [s®dm9bryemo 50 db bobjol
Si:Mn s 75 96 bolijolb Ge:Mn %30(5980b50330L 0560l (99039(3h165 By Gogbz960
pot98ols 053Yg 50bodbsz9b 3Gsbgddo  39006998L  b0FwFols  Lod@dygls s
958609296 390l a0l

Ge'Fe o SitFe 93969035 9mbmz®olidowm®mo Logo®ol 13wdgdemhgby
330h3969L RO s 939 77K $H93396MoGH 0Dy,  93s5Lmsb Si:Fe- mzgol 396
©50dBo6s 220 K-%g. 00539 ®9dgdhdg x9Hmdogbgdobdo SiFe -
R0MJOOLOMZ0L  MBOM  OEOs, 3009 Ge:Fe - omgzol. xgdIG  b3gdGHMol
533o@Ns Si:Fe/Al20s - 503m8olomzol MR®™ 0bEgblom™mos, 306y Ge:Mn/
AlOs3 - 30l 50 63 BoMOL LobdoLsl. bob. 4.3 230P39690L L3gdEBHEMOL derog®
560DMEH®M305L Si:Fe/Al203 - goMobsmzol 77 K - Bg. 99539 H99396M5&MH0bobL
63060 FogboG Mo  93BH0MOO  SEHMIGOOL  3mb3gbE®Ms30s  Lowroizowddo
99500996L 102! 133 . g39bgdL 2o5BB0sm Fooeo bgzMgeymo A53EHIMIOCMDS
Si:Fe - ol 990bggzsd0 030 96 5Fo6dgol 103 mdo - VI 77 s 300 K
A99965GHMMOLSL.

990pamdo  20Hmdz900 sds  (3H9ga39Mo@EMgdbg 93063969096, ™A
136 L3gdGH®L Si:Mn -ob 99d;mnbz9350(bob. 4.1 ) go5Bb0s HMEO LEHMYIEOS
@5 89002905 2-Bg 99@0 90LMOMIE0WO 303900L5256, HMIGEMs 3MHBOE0S s

53303 OO0 39530309630 0331905 39I3JMIGHMEMLMD gPmM.

81



Si:Fe -ob go®9d%g, MHmIgdos ©osxgbowo o0dbs Lsgo®ol (ALOs)
2dgdmHgbg  9bmAsermMo  3meol  9xgdBHo @ BIO  asdmozgzgoms 77K
A993965GHMMHOLSL. 1396990 boL0sYdMHI6 35050 pP-&o3olb
39939M9dMmdom, HMIgdog 77 K s 300 K - Bg 96 53560d90L 103 mdo-bd.
603930l HMGE00LIL S0TBOMS IO 13gdEHEMOL dwogMo SBOBMEHMmM3I0s. BIGO
dmbs390ms 3obsbdo FogboEmad@EHom®mo G 3060l 3mbigbEMmoiEos Si -8o 77K-%g
09500996~ 1021 13 . Bob. 4.3 930b39690L RIG -0l F9d39MOGIOY
©590300090vgdsl Si:Fe/Al2O3  396900L5030L, Mol Msbsbosi JorMob
AH9939M5GHMMS 560l ~ 250 K .
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Bob. 4.3 . 50 63 bLoligob Si:Fe -ob BAG L3gdGHG0, MMIGOE IRYIHOE0S

LoggoMbg 296Lb35390990 393396 9EIMYOOLL(39e3060, 5060364905 FMYYdDY).
353603H¥M0 390 356(15¢gIM0s 50dMTJol LodGEGHYOU.

GaSb:Mn/GaAs s Si:Mn/GaAs go6gdobsmgol s@GHmdme doserwy®o(5dd)
@5 35gbo@G® doewrnyMo (8dd)  dozMmlzm3ono bGmsmgdo bsb. 4.4 -bg
Sbb396 TsaBOEGHIOMEMBOL LOZOEW 49BIHOEGOIL BgI30MOlL goliizM0g.
B9s30600L  Lobgdg  godmf3gMWos  WIHYOM-3WsBINMo  Boffoers3zgool
096 35¢00Do300LSL $3900m3560 23Mm™3900L RMOHI0OHIO0m.
5393HM3MmyMon00©s6 s 8dd  bLYOsmoEsb  Bsbl,  GMI oGOl
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5353603 gdmdol 339000  obsfogdsls s BYIZ0MmOL  MHYogRL
dm6H0b LbGo 3MMges-

ii_‘.;fél d49 830 B 2, e e

o2, e

£l
4
{l
=2
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5

EN
Bob.4.4. 36 1396900l Bge30MMs 53T BHMB3MYMOG0S (5,3) s 3D LGNGO (d,00)
GaAs -ob 0bgIMYby. (5,0)- »30L GaSb:Mn/GaAs Bs@BmL Bmss 2.5%2.5 3392, bmerm
(3,©) -»30L SiMn/GaAs -- 5x5 930.

3055, 092BoGHWMMO  9693mMIMYgbMOHMds  393HY39egdl  3d-dobstgzms  dgo®o
blbsMol o 965 BIOMIRBoEMMHO RIBWOO BbsMIMGIOL  30M5EJuMdbY
39OHMIoabgBHO0BAoBoM30L. ©ToEboGHIOMMBOL  5653MmBMA9bmBMBGOOL
35bsllosmMgdgEo DMIgd0 MO0MJIoL 56 2oblibgzszgds GaSb:Mn s Si:Mn - ob

13969080 , 09935 Si -0l Bgs306MH0L Lo SOLJIOMSW WOOS.
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42. 953603 mMM0 Mg 90emdId0L 9539dEgd0 353603 M
ol3M9GHME LGHMYIGHMOJOdo s 8300 J53egbs MbEol
2900535600 1»30l9090BY
obgomo  dsbogngdol  d9ddbs,  GMIgwomog  dosBbosm,  GMmame;
Bobg30650BHoMMo, 0oLy  BgOMINRboGHMOO  M30L9dgd0, 30I3  JOHO
399mf)39355 B30BEBHMMbOIOL A963005MGOOLIMZOL s OMYMEE 5ol FJIAO -
336-0b 33093900 3393w0bgds  gPM-gMm by ™Mgds@  MsbsdgM™3zy
30b6q9bLoMYGOMO A5M9IML BoD03s30. Y39oBY 3M3MEIMo ol
339300690056 A-BY odol dgbsgmomgdo s ©obzmg@mo LBEGmwddmemado
930609090 Mn- ol 5@™Igdom, HMIGEms gaoMHqdol bsGobbo 10 5@ %.-
dqogo.
5ML9d90MdL 393600 A9 FMHJO 3OMIWYTs, MHMIYE0E 3939060 YdS
336-b. 9OHP-9MH M0 SbgmMos JsaboEMMO JMMHglie0 O MdYdOL gogwgbs adb-ob
030L9090D9.  (3boos,  MMI  SWBIMMOE  ddbsforgdo  Foposero
3063963300l (98®gbody 3Mm3EbE0) Mn-ob ombgdo Jbosh dwogH
39609 MdgdL 8db-do. B3gmwgd®o3 Mn-o AT-BY odols dsborgddo
dmddggdl 965 FoOGHM OMAMOE 353b0GOH0 30bsM930, 93M9M39 OMYMEOS
59393GMG0,06m3gwoi  9bsggwgds III  BHodolb 0mbgdl, Gmoqbsg Mn-ol
3Mb39bBHM030s ooy, 85806 030 035390L  3mBo309dL  3396d05TMGOL
9 M356Mm9M090H93, LOWSE PMBMOS© 34393w0bgds. Foswo 3mb639bEHMsEOOLSL
090 9536M9m39 Jabol M6 gdl, Gmdwol d93sybgermodsdo dgol Mn-bs o
V-3030b 9egd9630, H0MamM0355 390 mdsgbo@ Mo dsbowrgdo MnAs, MnSb.
5990956 259m30bs6g 5OLYdMBL B Mgl gdEMmdoL 3 Godo:
¢ LAH®MIAHMOYo(Lb35ILHZS GoBol M6MWgd0);
e 353603 M0(BogboB Mo  0mbgdol  sGMgMHMY39MMzs60  Qbo-
ooy, o3 390mf39Mos  wmIserMo  dogbo@emo
9396900l BEMJEISE00m);
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*  99dBHOMo(IFMBEHM  JobsBgzms  9M9gMHMY35M™M3560
3obofoemgds, Gdganbis 9039453560 m BIGHY930O
30 39b305¢580Y).

Lbgs 59mMblbger 36MHMdEgdgdl dog3wm3bgds goigeromo dgdsbobdol
Sblbs 53 FolLoengddo. mwdgs dogbodemo dmfglmogqdol dozmmlzm3mero
399960%Bd0 59 FoBoergddo X IO 30093 39bbo30L Lsabsw MhYds. JoMgdmEos,
Omd 1396H™3sabgBH0Bdo 353000905 Mo30LWRs s FobsMrgme Dmbsdo
©WM3>0HgdM bzmgwqdL[51]. gl 83H30E90d 9835605 YY) 93533060 IIOM
dmdogzo Mn-ob 3mb3gbGH®ogoolsl T  ©@sIMI0©IOMgdsls  dmbEol

3900593obms 3mb396¢H305Lmb.

42.1. 36mBsgrmemo 3cmerol gugddo GaMnSb gomgdolismgols s
LBEAHOMIGHOMEOo FNMHgle0agdMdJO0
OMaMO3 9306086900 Mn-ob ds@owo 3mb6396EGHM309d0Lsl goeodgds
9GO0 3gOHMIsabod Mo aMsbrmagdo.
GaSb:Mn - ob go®qd0 LEbmM)HBOMGOIEO 0dbs WsBYMMEO 3esBINGO
33960l Igomm@om. gocmgdo 40-140 36 Loldoo sxgbowo 0dbs GaAs(100)- ob
1x9d9dM9Bg, GMIOL (H9d39Mo@Ms Ts o33gdmes 200-400 °C -39, ®o3

)
gy dlio

440} GaSb.

gy Lo

1220} MnSb,

Bob. 4.5 5. (Ga,Mn)Sb 64934930b gengdGHO™bY oRMSJ30MWo bryMomo.
3900YI0 509 330839690 {440} BoBH®oEol s MnSb -ob {220} Mgi3e¢gdugdb.

2565306H099d@5 bgMgegdol 3mb3EgbGMS300L 33w gdsls p=5 x 10%-3x10"
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133 LEBP3M9dT0. 39D S©0IM356069m, HMA bgMgergdols 3mbiEIbEHMSEO0L
90y g0 ogbodmol 330w gdom BgxgB™MdOL  ©sdsaboEHIdMEMds
00mgdol 03039 ®RdM© Ms = 3.6 — 5.3 9. b0ddms LEGHO®WJGHIOOL Foowo
bs®obbo s MnSb -0l gMsbm@gd0 9030w 89330d¢0s ©3065bMm bob. 4.5
5-9 6sb.4.5 d -%Py.

Bob. 4.5 8. (Ga,Mn)Sb -ob gagdBHOMbMEo 3030ML3M300L LYBLMO, HMIGEO3
35303590 265699930l YIMBLEHMOMGISL Sbb.

9Om-96m0  g3gwody  980IGNG0  abs b LAHOYIONOIBOL
d9LolHogarso Qo 1306-3MmsMO0BYdMEo 3°058@5bgd0l
©9399EH0MGOOLIMNZ0L SMOL 83g. 36MdOW0S, HMAI 3merolb 390 Exn 3ogbgdm®™
Asboe5do J9gds 2 3m33mbgbEH L6
E. = RBi, + RMj, (4.1)
Logo3 B - 3ogbodMo 063009, M - ©585gb03H90enmds, Jx - gbols
1093360039, Ro — @m&gbi3ol doewrgdoom 4s9mf3gmeo bem®mdseryo  3meols
3098303096¢0, Ra— 56m3scr®0o 3meol 9839J@0b 309803096 0.
35369305300l LadoMoL30MME, 3mEol gx3gdEol  Jobslosmgdwgdo
©53M30009d90s  bgmgwadol  3mb3gbE®Ms30sBY(MMIgeroi ™sgz0L  dbGMog
©53M300093MYW0s  sxBI6ol  FHgd3gMedmsbg Ts). bsb. 4.6 50bodbs3L
35360&HM®0 390l ©sIM30EYPOEJdl 3ol [obsswdpgpmdsby R (B),
Omdgwos  domadmmos  T=77K(bsb. 4.6 o) s T=293K (bsb. 4.6 )
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AH9939Mo@GHMMgdbg  GaSb:Mn  -Lsmgol  bgmgwgdol  3mb3gbEHMEo0LOL
p=5x10%°19"3 (860 1), p=1.5x10%133(0"y0 2) s p=3x10"132 (3OO 3).

Ru. mdo

B, &
Bob. 4.6. 3merols fobssmdpgsmBob 853609290 39e0256 ©@38030@09879¢7985

GaMnSb/GaAs bhGoddob980bs0z0b: 1, p=5x102063-3, Ts =200 °C; 2, p=1.5x102193, Ts
=200 °C; 3, p=3x10"33, Ts =440 °C. .

396™383980 9O GHgd3gesdmMgddy : () 77k; (3) 293K. d-Lomzgol
D95 BsbsOMO 50b0TBsgL R, (B) 0580 30009071gdsl 6038 1 -Lsmgol, HmEs

B>0.4 ¢&; @0 Bsbosemo 30 3308396000 R, (B) ©@8m30090megdsl 08539

609138 1-bomzgol, MdmEs -0.2<B<0.2 ).
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dmbGHgdol  3mbi3gbGH®mo30s  godmmgzgeroo  0odbs  Ry(B)  96Hwyob
©IHOOWMd0EH B> 0.4 — 0.5 @& 35360@HMO0 39wobsl. dosmoeno dogbodmMo
3900l 98 sdM300 0 qdoL O R030 boLosmo dmyzsbowos bob. 4.6
BobIODDBY. LB0L hBL, GMI 3ol gx39dBHo 1 s 2 6odmdgdolsmgols
bmBsgrmEos T= 77-300 K 3933960@6Mgdbg, OHmogbsg 3 9Gool
d9dombggzsdo 9300y  3mbEgbGHM3090Dg  439d3L  h3gMergdmogo  3merols
9539330l 99dmbggzs. 60dmd 1-bs s 2-U BMbsE3gdoms TmEOL  TgsMYdY,
Omdgwog dmyzsbowos bob. 4.6- By, ©IIMBLEGHMOMGIL sBgbl 0dols, H™I
bgMgms 30b396EMo300L 30gds sbdmdL 83g-0b 3oLEGHgM9HBOLME J(3935.
©IAOMM9, [H0bs50dgaMdOL 3o 54933 1-Lomgol (p=5x102133) B. =0.29 ¢
T =77 K -%g @5 939-0b 30LGHgMgHolo mmsbolb 39d396mo@meMsdg sGLYOMdL
(Bc = 6.5 3@, ob d390mms Bsbsromno bob. 4.6 B-Bg). 5d530OMMws© Tgme
603m8obomgol (p=1.5x102103) Bc = 0.058 & T = 77K-Bg 5 30L¢gmhgbobo 56
©50dbo6Ms T=300 K -bg. Hmqbog 939 ©mdobo®mgdl, 33wso(L3mbEs6wx&mo)
300l §oboswmds R, (R, -0 B = 0- %9) 36030030005 b3mbEsbmeo
5353603909 mdol Ms.

b3Mggdol  3mb3gbBH®mo300L  dwogho  ITIMIOEIOIMIEgds  839-
905bMmgd0m 8dog BIOMIsAB0EHME BIBLMB(bsb. 4.6) HoOHTMIMBL SOV,
60d gb 49635390900 FMbEHOL godEbMs 3MBEIbEHME090DY Mbs 0gml
©53M3009d0. M930LBI0  FMHBEOL  osdBHbMS  MMM09IOH1JdgYdS
B9OM3RBoEGHNMEO  BBIOMIOMID  Bobgz9MQ0dBHIMgddo  BsbL, GmI  mbgo
3960LsBEOZOML Fm@GHI0L BMOJMOL SOBYGIMOOM FosBHEOEOLS s JESLEBHIMOL
39994max3  H9s3060Hmsb(hg96  d9dmbgzgzsdo  MnSb/GaSb  LoBEzs®O). 9L
MOM0JOHJIJJdS ITMIOEION0s 30 FoOGHM BIOMINRB0GHMOO Fsbob
0905003690mdsBg, 95090  bgdgms  3mb3gbE®Mo30093, OMIgerms
BOLOE 0039493560 B30l 0500900l F90306090509. 9b RsdGHo 0f393L
dE0g6 3300500 4533wl MegolRe  FMBEHOL Q9T BHIBYILS o
R9O®ARBoEGHWMEO  3eolGHIMGOL  FmMoL.  ©5dIbsI3  MMM0IOHMJTGGdS

399039905 dMT5EHIO0 45053 EHBJO0L  3mb3E0BEHME00LSL, 939 bgds
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WROM 35903390000. 393900 Esl, MmEILsg 939 30@gMgbolo gsborwol
39JOML FodEM30M909e GHga39MoGIOsLoE Mm©9d9b, B39 3;3om, ™I
350Mm306M989wo  3H9d3gMo@Gcms ac =10 63 -ob bmdols GaSb -—ob
35bGHYMOLsMZ0L sGoL 200-300K 9439600096300 8mbs3gdgdol msbsbds.
dgmeg dbMOHo3 ©sxgbol  (H9d3gMo@GMMHoL BOIL dM394s35M00  JWOLEHIM™S
Dmdol  BMEOLEZIh. Hoboswdwgamdol 3gwol oo 360d3bgermds o
535360390 Md0L GOl 83390060 DO 30LEIMHIHBOLBY B0y300009dL
303G IOMS ©MIGBMOH BEHOMIBHMOSDY, O3 Bodbsgl, MM Fobssmdgymds
0DMHEIds  3WLBHIMOL  DBOHEILMD  ghms.  sdob  LadoMobdoMm,
993960396 G oo dMbs399900 230P3069096 939 {oboswdgymdol 3geol
3993069058 Ts - BOILIMID GOMs©. 3Mmb0gMMwos Bsgmgzswmm, Mmd MnSb -
ol 3eoliBgmol Bmds 1068 By 9306095 S MN0IOHMJTgYds 49dmfIzgmeE0s
GaSb:Mn 95@®03530 399bEH0L 2559396900l 8853 MdOm.

©5L3360L LEbom Fga30de0s 30350, MHMI VYL YHOMJdIYO oL,
OMam®03s>  GaSb:Mn, 196O™AsboGMGo  mM30U909%0L  doHOMOE
3963L5BOZOgGE  BOJBHMOL  FoMTMoaqbL  Foabo@emo  Bobmzwsli@gmgdol
53mMHT0MY0s.

42.2. 3cmnfgbeoggdemdgdo 2D liGved@Ea®hgddo s 3mewnddol gsGomm
©0535BMbol @ rms3oco 3mdgbsoseo

37 Md0m0 3db 3OOLEIOLYD 2oblbgsggd0m 2D LEMMIEmem9ddo
391MI3900 29MHMNMWGOIMWO0s. BO30MO0 odmbo3zerg30 Mmd0gd@o 89wygds Mn
13960Log9b, MdMAgeog s0Hg3L 2D god@oMgdemdols sGbHI0[6,18-20], Gog ofi393L
05 AMbGHOL 255939 gdoL  dzMOEM™dSL  (2-5 1?3 (A ![51]). sTob
Lbodomol3oOm  B3gb  HoMdmgzopaobgomn  GaAs/6-Mn/GaAs/InkGaixAs/GaAs
93960 LEOWJEHMOS (Ju) Ls3TomE Fosero dzMomdom (2000 bd?3(a ! ).
96GH3PMo 250331039000  OIEILGHMO©S,  MHMI  §-ggbs  JU-9b
godmygmazmos 360 Lobdol b3dgobgMom, 3oL dombgogs  Foedmoddbgds
352600 mfialitodqds S 00 93wBIL sbIBL YooEBom M301909dbY.
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B30b @obgoboogm vy Ms8gbo  dmddggdl  ImFglMOAIOXMBOO
390539600 M30L9090bY. J3956GHMM0 LEGHGWMJGIOS, GMmIgeoi dgoiogL d = 1060
ob In«GaixAs g3gbsll GaAs ob 350330 FoBOOWOo 0gbs dg@swo-mgloo-
65b93562593Ho60(8mb) 30M0EMMo 930GsJloom.  LEHMWIGHMEGSdo p-Godol
39939MgdMds  Jogdwo  0dbs  §-egr0madom  dMRgHIro  FHoMgb
Bob3oMmdodgd3gero Bgbom, MMIoE godmygmaowros Ju-sb ds = 10 60
Lobgob L3golgMom. Mn 8-396s godmymazowo 0dbs Ju-sb 3 B3 Mm3EH0dsmEo
Lobgob? sBYHMWo sRgbom FMmIbsIdmE 13gobgMom. dBIOHMWOo R9bs
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399mbboggdol GHowmol bLogMdg d9sygbos 1.06 939, 3wwlol gbgeMyos - 0.2
X0, 39wbol boby®mdwogmds - 12 6(d. a36-mwo goMol bobdggdo
033%90mS 30 b 200 63-dpg. 0.63 930 BHowol Log®mdol He-Ne obgho
3990yg9gbgdo 0dbs dm3g 29dm33wg39d0Lsm3z0L 293 K -by.

136~ d9LHogwrowo 0dbs 0.66 ¢ sabo@we 39¢do 9.3 333 LobdoGmolsls
77-500K 39939653 M90Bg 2960909  dogboBMo 390l Lbgoolibgs
M609bEHOE00LL.  O0RIMI6E05MMO  3mol 9BgGO dsobmds 77-293 K
}H9939M5GHMMgdbY , I30609 33000 F93b0EMO 390l 330 oom 5-10°
@5 50 33 LobdoMom. 35360GHMMO 3900l 3300 gds 89500396s + 0.4 o
dodsmoemo  ogm  60dwmdol 390396003 sMmo.  3d-00bsMg3me
3Mb39bBHM0E30s o0bmds  MHYbBHYYbol  L3gdBHEe Mo 5650 B0Ib
909JGHOMbms 503 BbGILMB  ghmo, RQ0MOL 35360 JdMMmdOl
B9530M0L OBMEMA05 s BOZOEWWO Fobsfowgds- dsabydM-dowr®o
dozmmlizm3ools (000) d9939mdoo. 603" dms oLOBZIBOMYdYEO
3990bObMgdol  M3000MmgMo  bsHBo  ©ILIBIOS MOXIO.  30MZ9EXSPO
3963me0gs  guOrm@s  bobgz9M3MmbEIEHMEM  3mbESIB-doemzsb  Mgg0dd0
6493mdol  Bgs30M0lL  BHMIMYMmox0ol  BsfgMom.  mzommgmeo  bsbol
139606900L 8909y 3M393006M0 FOFMOOOM S HBMmbEo sfigmwo 0dbs Zo
L0doEgBY( Zo 033w gdms 10-10068). Igmeg gobFmengs BsGoMos 306M39w0
39630e030L5L BsfgMomo  GH®mogdBHm®mool olzemog. 3mblmEmMo MbgzoLols
23oBmdoo  0dbs  FoBol  Hobogergds s0BBIdOL  BHHS9IEBHMOMH0LMD
9005009d5d0, OHMIgwog 399m)39meo ogm b0ddosb dsgbodmo dserol
MON09)OHJd9ggd0m. 25dmygbgdwo odbs NSG-11 Loeroiordol Bmbogdo
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3MdseBHoLb  oxgs®zom  (NT-MDT  Company). Bmbogdo  s3s3bo@@s
139305 MM0  bgarbisfyml  (ThermoMicroscopes Company, 588 )5dmygqbgdom,
O0mdgwog HoMmdmoagbl  gs6dmbE3gwli(mbgowsgom®o (MHgwo, OGMIgeos
39033930 BOOROENL S 3MBOIBLIGHMOL), OMIJEOL  JIZELPOMI(F AILOMOS
5352603930 ©gbo(dolo Imddgqdol 3OHMBE030 sbsEwmyomEmOos 359
Bodf9M90d0 BodfgM-Fo0dgwo 53530L). 9352603 9dMEMdOLl  Bmbool
©9Mdo 30OB0EHSd0 393030 390l 3md3MmbgbEol 35MowgEmEmO oym.

Bmbpls s 6/FMIL MO0l sabo@meo MMM0gOHJdggdol dogrols
09900pmd0 250MmmM3g00m 45dMmomdzs JMbsBEMIds, HMI HBmbool dsabo@wm®do
dmd9gbBHado  39MOgEEmos  dobo  gdol  dodsdm.  Bmbgdo
5390 (QoBMmIoo  0dbs  Fomo  dogbodmMo  dmdgb@gdo) 3D24N
3990 BAGgOOL  MbogzgMLIEMMO 3535308 BomM0gbBsgom bodmdmemo
3995¢0900900L  250mEHM39000  fglom. HBmbo-603dol  MOPOgMNJIggds
5009600 0465 ©03MmEEmo s IMbM3MEMEMO dosberm3zgdom. 50dmRbos,
60d 8MmbMm3MmOO B05bEMgds O3MEWYG F0sbErMgdoLsdsb goblibgogzgdom
390569000 BMLE© 50HgOL 53 9Ju3geH0dbEHOL 306HMdYdT0 BMmbo-b0dMdols
MOMN0YOH01JIGGO.

InMnAs-ob go69d0 539600 0dbs sBgMHwo SdsE00L dgoMEOm
dmdo MgodBHm®do  gowdool s sMLobol ( AsHz) 0565560LgdmdoLsL.
3063000 wga0m®9RdMwo InAs (p ~ 107 133)LsBoBbggdo s dgGHoMGo Mn,
39603000696 3053005(odsls)  Nd:YAG  3w9elo®gdmemo  @sbgmol
399mygbgdoom (A =1.06 939). 0(3390m©s InAs-ol s Mn-ob s @ghbs@omo
505300 OMOL 309B3030IOEHO( X yn = tyn /tinas) ©9 3GM39LOL 3ga3gModeo.
50-500 60 InMnAs -ob goMgdo ©sgbowo o0dbs GaAs(001) gmdgdcmgby,
36M0LEHIOL bsmolbbo ©s BoMOOL RosbBMMo Fgdoagbermds dqbfiogerowo
0d65 6963960l oRMsdzowo Igmmgdom DRON-4 ©ogMod@mdgdéol
399mygbgdom. 9gwgd@GH®Mwo  ™30L9d900L  dglogwrs  25dMIOBIMYMDS
3meol  9839JBoL  AoBmIz9006 o 99dBHOwo  §obssmdgymdols
A99396M5G OO ©E3Mm300090Egd0©sb 77 ©sb 370 K ($933965¢)m6gddy,
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353693 ™-m3@03mmo 30190980  dglfogeromo  ogdbs  olfizMozo 3960l
995393BOoL 25DPMAz900m. B0MHJOOL BgOI30MOL FMORMEMY0s s FsboGMO
390mbobMgds  dogdmeo  odbs  "SMENA"  Godob  dsb3sbotMgdgero
30360mB3M30L Lsdswgdom( NT-MDT-bgwgbma®oo). ©sds@gdom, 196900
d9LHogeowo odbs G360l B3gdBHOmUzm3oom sbpmbol (A1 =514.560 )
WsHYOOL 359mYgbgd0m MmmMsbols 39ga39gModMsby.

p-InMnAs 3396900l 35269@Ma5053560l ®30L98900 dglogerowo odbs
30 3Mwbwé  dsabo@me 39wdo, b6098Mdgdo  FBOES DB YHMWO
05839600 5 To3S OO sDBIMOL 3Meligdols 9d39MdOM. 35RO
©5399053909nds  B0ddgdds 9h3969L  P-3odol  499@oM9gdemds,  Hm©gbog
598539050009 oLobo 0943696 n-Eodol. Bgz96s AoLOMEMs© SBMTseMO
3ol 9539J@oL Hobospmds 35653536936 9amdotgmdsdo (T < 40 K) o
dE0gMo 3ogboE Mo 39¢obsl(B > 20 T) 50dmbbs 89sM9g00m 0O, 3000609
R9O™3sboEGHWMO0  IMIsMgmdoLLL(T < 40 K), ULsbsd g®dogo {oboswmds
0DMYOdM©d 99396530l 3OO0, MSOYMBOMO
35269BH™P0bs508IMds 29X gMJIMwo bgds >10¢ dspbodo  39wolsl
dbmemn T = 4 K oO©mb, 08 odml GmEgbsg 939 -ob fobsmmdol goxgemgdols
3900 9905609000 306095 (=2 & T = 30 K -Bg). {obsmmdols bHryemo g3s6mqbos
10 & 39obsl 10 X9 5Fs6d9dL. d0MgdvIeo J9gagdol 0bEGHIM3MmYESE0s
dmbs 943930 Mn -0l 5GH™IGOOL 5M0IOMPI9MMZ560 F9bsfogdol
3965)OM,  MISMOHO0  RIOMINRB0GHMOO  23MHOJIbgdols s FoMob
399B9MJOMIOL 290w E3MoL  Abasglo  bollosmod  45dmA0bady,
OMIJLsE3  9©A0Wo  9d3L 293300 MOHMOYHMJIGIO0L  IogMo
RMIGHMISE00L  306Md9dT0.  F53b0EM-9wgdBHOMEO  5MOgMMY35M™3b9g00L
doboliosmgdgeo BmIgdo J9x35U90I0s Joabg@mHobssmdgamdol &gbBmemol
5M5@05aMbsmEmo  3m33MmbgbBHgdol  IgHbmbzm30mo  BEMJGHWS30900L
sbsgroboom.

20068 Loligol dmbs03MMo GHodob gs83306M35¢g InixMniAs go®gdo 10

5¢ % Mn ol 899500396md0m d0©gdwo 0dbs sHBgHwo 3ewsHIosb
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583960l 3900MEO® (€3). BoMOL BEOHEOL 3Hgd39Mo@MIGS 9950039605 200 °c ,
3oblbgoggdom GaMnSb, InMnSb @s GaMnAs goMgdobs , 563 09abgE™
330399600 39600L 9539JAH0 O sOE BIOMINR60EHMOHO MHIHBMBIBLOL HOLMOdE0S
56 0dbs ©sdBgMowo InMnAs ol 89d0bgzg35d0, B3 2w9olbdmols MnAs-ob
BoBIM®MGOOL 5MOLGOMBIL. 50DMIs Mrodgbodg bodmdo , HMIgedsg 9p396s
565¢0Ma0M0 (3939, 353650 53 LT Tsmdo dmyzs60@r0s BodMTgdo, HMIGEL M3
3o9hb0sm 4M®dog0o fobommds px = 3102QUL3 1= 300 K @5 bg®mgwgdols
3m6396GH®™sg0s p = 2.6 10¥ LI 2, o3 FogdmEros 3ol gB9JGHOL
29HM3390006 58 <1 T ggeolsl.

608m09dL  Foabg@MssBbomo s 3mol  9x39dBHOL  QoBMIZgd0-
L300l A99BBI  LEHIBIOEHMWO Mm®Toa0 3390006 FMOTS( 45FEHIOMIOL
SObol boldg s LogaMdg dgopaqbs W=25 93 s L=9 99, dglodsdols).
3oBm33980  BoBHMS  3H9I3gMoGH e LyBMgzMgddo 4 b 100 K
3boMgde 3ogbod® 39edo 30 -09. 3Mwbol bsba@derogmds 0.8 §d
@5 390l 50d3mol Mm 0.08 §d. 953693 Ma90sEB0mo Bobolinsmgdwgdo
39965 0BS 390l MO FMEISOMBOLSL.
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6. s1336s

99b3960896G o IMbs39d9d0L MYMOOEGEH03MEds BMEYE0MGdsT  ©d

do6M0m5ds 33e9390ds 5B39b6s:

3P 9lE0gdMdgOoL  2ogwgbs Ool3MyGMwo  ©@dd -0l
3009090b9.  FMFgle0ygdMdOL  gdoboBdo  FEYMTsMYMBL
Fo0d0o 3mb3396@®s300L FogboB Mo Fobstgzol (Mn) 5E0d5096
3oboffoegdsdo, GmIgwros  MOOHMD3gymdl  Ls3dom@  Ids3z®
dogb9g@obal.

93035JL0sWMH B0MYOT0, HMIWIO0E JOXIMJOMwos Mn —ob Ys6o
blbs®oo GaSb -do, dmm[gbemoggdEmdsl Mn-ob ds6dbmermgdero
5G™Mdg00L 2560 FoMdmMmobgbl BgMmdsabo@m®o 3s6496m8899339w0
BobsGINgdO (MnSb-ol 3wb@9em9d0 3o0OE0 30960l
$9939M5GHMHOm) .

Ge:Mn o Si:Mn - ob g9bgdolom3zolL, GMmIwgdog WsBHM-
3@oBINGo  Igomgdom  0odbs  FmIBogdMwo,  3099MmOL
A99396M5GHMM58  Mmmobol  3H9d39Mo@MesDg 4930w goom  dgBo
095009005, 0939 OMmamM3 Ge:Fe - by s SitFe - m30L 3omMob
AH9939M5@GMMgdom 77K s 220K 8gbsdsdobsg. s6ofmbalifjmemyan
09630653036 3060Hmdddo Ge s Si -do 3d- dobstrgzms dgs®o
blbosoom  Bgaox Moo  9ugdgbBoememo  Bsbglzso6me8EHecmgdol
WsHYOHMo  BMOI0MGOS  9M0bs3gd  bawloy®gwos, 3069
0mbnMo Lbogom gao®mads Si:Mn  gg®mdsabo@®o  dgMggdols
BMOHI0OHGOOLSMZ0U.

5edsbobgd®mo  6sbgz56M0BHMgd0l  gdb-oli  dsBsBg  IMbEOL
390593Hobgdol  dz3Momds  100-x9g6H  Fo@o0s, 3000609 39O
3bMdoo Fsabo@emo bobgzo659BHMm9gdoLsMZ0L. BIG dmbs3gdms
0565bdo 300l fadGHowgdo GaSb:Mn o InSb:Mn (GaAs -ol
0d936mH9Hg)-030L 500k -Bg 56056530900 0gm; Ge:Mn/GaAs , Si:Mn
/GaAs o Si:Fe/Al:O3 -396900bomgol 3o - 420, 500 s 260 K-%g
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5656530000  dglsdsdols.  dsabode dosgrmGo  dozMmbzm3ool
9mbs3999%0  3d -80bs6gzms Fo@ow gargdBHOE  59GH03MmdLMb
9omo©  230P39690L, MHMI  BgOMIsbgBH0bdo  godmfzgmeros  3d
dobs®mgmo dysmo LbbosMom, 300609 $gOM™MINR60GHMOO FsHMMO
BoboGmongdoom.

InxGaixAs J356@m6m0 LEBHMWYJEHMOOLIMZ0L, GMIgeroi d9o3o3L
Mn § -g9bsb GaAs - ol 8s¢®0@3sdo, MmN gleoygdermdgdo
393006000905 BIODM O35DMbOL BEMIEMSE30MEO 3mEHIBE0SEL,
OMIgog 3odmfzgmwos Mn - ol 5GHMIgdol sO5gMHMY3560m™M3560
3oboffogdom.  dombgogs  0dobsy, OMI Mn- ol  99bs
390Mmgma0o  oym  4356¢Mo  LEGHOMIGHOosb 363  Lolgol
139obgmom, Mn - gobsflowgdom 259mf)39o MmNy gdMds
393w9bsll  9bgbl  gergdBHO™Mbms  2ooBobsby 396G
LEAHOYIGHMOOL dogboo. L 399m{39990 3Myddols
MOM00090HJ399d00 FMbEHgdLs s 99393GHMOME ©sdMbEme Mn
- ol 0mbgdL ImEMOL. MMI3d 96 Fg0dergds 093696 Mn -0l sEHmIgdo
9396¢m0 LEGHOWJEGHMOOL Fogabom, 9b6MIsErmMo 3merol 9x39dEHoL
odmPabs o dogJbodmdo  Ru  fobommdol  3gd3gco@d e yero
©53M30009dMYgdol  gM3x303bHg 3bsymxzgb  dsabod®
dmfgleoggdsl.  BWMJBHMOE0MO  3mGIb3osol  gsdmdf3930
d0bgbos  Mn - ol 9M9gOHMP35MM3560 gobsfogds. dswo
353603 MM0  3gaolsls 609m8gdds sB39bs  3o650sabo@MMo  J393s.
oo 39¢0L  @OML  9MB3)MIOM030  A9IBS(33W9dME0
30L@gMgBolwo OO  H0TBOGS, GMIGoiE  bolosmgds
3900gMR00 RIOM s S6EGH0RIOMAsAboEWGO 3Mbdmwgdoom.

99L5dEdgE0s B33 Mmm, MM L3)30B0IMNO0 M30lgd9d0
390m33cgmero InixMniAs (0.1)  goGIdOLsMZ0L  A5dM{H39e0s

36535¢0Mm03bM3560 MbMOHMo ©IRIJHJI0 s SJBHowWEGo Mn-
90659308 (5J393G™MMJIOL) 9GO GOMAZ5MM3b0  obsfiowrgdom
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00937)bMO0  WsHIOHMWo  ©s3Fs3900LsL. OMPMME dggyo, 90
Lob39gdgdolsmzol 390mBbs 9353900 b3M9gwgdols
3Mb639bGH®Msgools dE09M-25009335M90)C0 569900((3909%0),
Ao odmygmzowo 0943bgb 33396LoMgdmEo 3golgMgdom,
Loog b3Mgegdol 25030bs 9@sMgds Bob@GHmaolgdmMo GHodol
bolosl. MmO 3md3mbgbEH0s60 Fmgwol Msbsbds 3meol gu9ddo
3960LsBE3MNds bz ggdol 2oo@sbom 300900l gogwrom, Loss
608m8ob  299BHMGOMdS  gobolsbegz®gds  bab@mdobgdmeo
2905¢b0m  3mB39bLoGMGdME  569gddo. Bz9bol sBGom  3meEol
995393B0L  ©dBgIMH0wo 9BMBs¢0gdo  F9TM{IGME0s MOS0
196O™A2boEGMOHO0  9MHogdbgdom,  MMAwWwgdo3  bolosmgds
03909%0L 9bgMo0l 90306930 s 39000l BMIGdol AsBOO.
0390006  dogbom  Fobommdol  oLZMgGMWMds  FoMTIMIMOL
56m3oe®0 3mEol 9B9JGOL 3obLIIMMOMIOME J3939L, BMIgEos
35650536036  daMBsMgmdsdo  5FoMBgOL ol 2oxgMH GO
36003690mdsL  309H0L  3gd3geeBMgdBg B  3HgI3geod -
6900LSL.
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