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[Inan n3no:xexHna

MAarauToconpoTUuBJICHNE U MOTCHIIHAJIbHbIN
Oapbep A1l HHKEKTHUPOBAHHBIX CIIMH-
MOJIAPU30BAHHBIX JICKTPOHOB B
rerepocTpykrypax (510,),0,..C0,/GaAs u
(510,)1.,C0,/SI.

Pa3pabdarTbiBaeMble YCTPOUCTBA,
HUCNO0JIb3YOIIUE CIUHOBYIO MOJSPU3ALUIO U
3P PeKT MATHUTOCONIPOTUBJICHUS.



(Si0,);00..C0/GaAs, (Si0,),y,..C0./Si

Amorphous silicon dioxide films containing cobalt
nanoparticles were grown on GaAs and Si1 substrates by
1on beam co-sputtering of composite quartz and cobalt
targets.

Resistivity: Si— 3.7 Q-cm,
GaAs —0.93-10° Q-cm
Si0,(Co) - 1.1 - 1.46-10> Q-cm
Co content: 38 - 82 at.%
Thickness: 86 -95nm

Co particle size: 2.7 -4.4 nm




resolution TEM image of a cut of the sample

with x =63 at.%.




Domain structure.

S10,(Co)/GaAs with x.,= 83 at.%, room temperature.




MAarHuToCONPOTHUBJICHUE

Current- | b.5i0,(Co)GaAs _

voltage - ) ) 2..
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S10,(Co)/GaAs with
Xc,= 11 at.%.

h =95 nm
T=22°C
H “ surface

1-H=0
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4 —15 kOe

Alcm? )

-3

Current density j (10

100.000

10.000

1.000

0.100

0.010

0.001

oB

L 4

40
Voltage U (V)

60

80



S10,(Co)/GaAs
Wlth xCo =71 at.%. 100.0 o
h =95 nm ]
T=22°C = 100
H “ surface ]
10—
l-U=60V -
2 -70V ]
3—380V Nt ——T7——T7—
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S10,(Co)/GaAs 8

h=81-95nm 5 1
T=22°C

H ” surface 2

H =19.39 kOe

U=60V o .

1 — direct current _ \\_\/ )
2 — opposite 0T

direction of current e A e —

20 40 60 80 100
Co concentration x (at.%)



1 - Si0,(Co)/Si,

0.04 —

2 - S10,(Co)/quartz

h =81 - 95 nm (on Si)

h=810-950 nm (on
quartz)

T=22°C

H || surface

H=19.39 kOe

Uu=3V el

0.00

IMR

I ! I ! I
20 40 60 80 100
Co concentration x (at.%)



H=9.98 kOe
U=60V

1- S10,(Co)/quartz
Xco = 38 at.%.
h =860 nm

2- S10,(Co)/quartz
Xco = 11 at.%.
h =950 nm

3- S10,(Co)/S1
Xco = 11 at.%.
h =95 nm

IMR
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S10,(Co)/GaAs with x, =

71 at.%.

h =95 nm
H || surface
H=9.98 kOe

1-U=40V
2 -50V
3— 60V
4-770V

Au= (1) 254 meV,
(2) 250, (3) 240,
(4) 240 meV

IMR
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IoTeHIMAJBHBLIN 0apbep VIS HHKEKTHUPOBAHHBIX CIIMH-

OJISIPU30BAHHBIX 2JIEKTPOHOB. Teopernyeckasi Mo/ieb.

exchange-splitted

P ¢|2 v localized
g ’ electron levels

granular
film

y semiconductor



Effective exchange interaction

Ap=150meV ¢ °° i
ny = 1-1015 cm3 ¢ ~
T=300K |

=
n=1108cm3 &
at the interface ?

= 0.4 -

: .
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Distance from the interface r (nm)



IMR and trajectories of injected electrons

nava —nbe V

IMR = = 2 exp[(eSU, + W)/ kT]—-1
n,v, Vi
Domains Granular film
a — electron T

surface

trajectories at H = 0.

b - trajectories at
H # 0. l

Accumulation
electron layer

Semiconductor



S10,(Co)/GaAs

with x-,= 71 at.%.

h =95 nm
H” surface
Uu=70V
1-H=0

2-H=10.11 kOe

2
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Current density j (10

3.0

N
o
I

-
o
|

0.0 —
160

200

240 280 320
Temperature T (K)

360



S10,(Co)/GaAs with x, =
38 at.%.

h =86 nm

H || surface
H =9.94 kOe
U=60V

IMR

1 — direct current

2 — opposite direction of
current

Au=(1) 233 meV, ,

160 200 240 280 320 360
(2) 22 1 mev Temperature T (K)
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CIIMHOBEIE HMH>KCKTOPbI B CIIMHTPOHHUKC

HeoOxoaumpbie .
. exchange-splitted
yCJI0BUS: d-electrons localized quantum

electron levels

e Hajgnumne KBaHTOBOU
SIMBI

e OHO paCIICILICHHOE

JIOKAJIM30BAHHOC

COCTOSMHHUC

* BeICOKasd CTEIICHD

OOMEHHOTI'O semiconductor

ferro et granular
pacllerICHUs magyl lm



Field-effect transistor with spin memory

Source electrode

Switch bus

out

Gate electrode

Gate electrode

Switch bus

Antiferromagnet layerk
Granular film \\ \

Source electrode

Drain electrode

N —> —_ —> e —_—
A{‘ | ‘ |
|

— Drain electrode

Semiconductor



Spintronic AlGaAs/GaAs HEMT structure.

Granular film

a-S510,(Co) Contacts
(100 nm)

Gate
- - +
n-layer Solrce Drain

=10"-10" >
Accumulation electron H
with spin polarized
electrons

Gate electrode
Co, ((S10,) 4 (40 nm) /
Au (400 nm).




Current-voltage
characteristics of the
room temperature
spintronic AlGaAs/GaAs
HEMT structure at
different magnetic fields.
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JlaTYMKM MarHuTHOIO I10J1

CTpyKTYypa CIIHHOBOI0 BEHTHJIA g
quantum exchange-splitted <« < 2 o = o «
d‘e ICCtI'OIlS Wells IOC allzed Honps#erHocTs MorHKTHO nons, 3

|LP | electron levels

// N

semiconductor
free

D ferromagnet

ferromagnet

granular granular
antiferromagnet film film
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Non-volatlle magnetlc memory storage

cell.

Spin filter on the .
base of the
heterostructure
with two granular top lead
ﬁlms Wlth free ferromagnet\
ferromagnetic N =
metal | ™~

. semiconductor —
nanoparticles. B

. _— —> —> —> —> —>
pinned ferromagnet—"

LL=15-20 nm antiferromagnet layer/

A

d=10-15 nm bottom lead
substrate




BBIBOIBI

» Jlokam30BaHHBIE OOMEHHO-PACHICIINICHHBIE
3JICKTPOHHBIC COCTOSHHUS B KBAHTOBOU sIME BOJIN3U
MHTepdeiica OTBETCTBEHHBI 3a YP(PEKT HMHKEKIIMOHHOIO
MarautoconpoTtuBiaeHus. IPpdexr IMR
XapaKTePU3yETCs 3aBUCUMOCTBIO B BUJI€ TEMIIEPATYPHBIX
IIUKOB 1 MOXKET PEryJIUPOBATHCS IICKTPUUCCKUM II0JIEM.

* lcnoab30oBaHUE MOJAPU30BAHHBIX HEUTPOHOB U
CUHXPOTPOHHOT'O U3JIYUYEHUS I UCCIECAOBAHUA CIIUH-
MOJIIPU30BAHHBIX KBAHTOBBIX SIM B CHUHTPOHHUKE OYJIET
BO3pacCTarh.
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