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MJ Plan prezentac]i ® 0 O ¢

 Motywacja

 Magnetyczne zigcza tunelowe (MTJ)
« Uklady Co/Pt z prostopadta anizotropig magnetyczng

 Hybrydowe uktady metal spinowo-orbitalny/ferromagnetyk
do badan spinowego efektu Halla (Ta/CoFeB/MgO/Ta)
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mﬂ Motywacja ® 0 O ¢
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Parallel

Antiparallel

'1]‘-:

MR=(RAP-RP)/RP~ 1000%
Butler et al.PhysRev. B, 63 056614 (2001).
Mathon& Umerski, Phys. Rev. B 220403 (2001).
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Zawor spinowy MTJ
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U Tunelowa Magnetorezystancja (TMR)‘ ® 0 ¢

AGH lkeda, Appl. Phys. Lett. 93, 082508 (2008).
600 ' ' '
-O——-& Crystal MgO(001) barrier :
500 [ O: Single crystal Mgo(001) CoFep
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2000 20
Year
[1] Yuasa, Jpn. J. Appl. Phys. 4F,L558 (2004). [2] Parkin, Nature Nater. 3, 862 (2004).
[3] Yuasa, Nature Mater. 3, 88 (2004). [4] Djayaprawira, SY, APL 3¢, 092502 (2005).
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Magnetyczne zigcze tunelowe (MTJ) ® 0 0 ¢

TMR ratio of MTJs with an MgO barrier ~ @RIEC

Tohoku University

ooe L
600 ' MgO-barrier MTJs | 500%
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s o
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1994 1996 1998 2000 2002 2004 2006 2008
Year

RA, TMR and H,;, of MTJs with AI-O and MgO barrier

Buffer AI-O MTlIs MgO MTlIs

RA-P RA-AP TMR| Hi, RA-P RA-AP TMR| Hi,
(MQumz) (Mmez) (%) (kA/m) (Mmez) (Mﬂpmz) (%) (kA/m)

A 10.7 15.5 R 1.1 0.36 0.88 141 0.28
B 4.7 6.9 46 3.2 0.073 0.16 113 1.8

MR ratios up to 1,000% at RT

S.lkeda et al., Appl. Phys. Lett., 93, 082508 (2008).
Jiang et al., Appl. Phys. Express, 2, 083002 (2009).

RA-P and RA-AP were measured in parallel and antiparallel orientation
of magnetizations of free and pinned layer, respectively.

J. Kanak, et al. Vacuum 82 (2008)1057
J. Kanak, et al. phys. stat. sol. (a) 204 (2007) 3942
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Nanoszenie | strukturyzacja ® 0 O ¢
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Uktady MTJ z barierg MgO

Table 1
Results of XRR fitting

108
107 3
106 ]
10°
10%
103
10?
10" 4
10°
101
102

e measurement

Intensity [counts/sec]

108
107 5
10° 4
105~;

o measurement

Buffer  SiO, Ta Cu

IrMn

10° 4
10° 4

t(nm) RMS (nm) ¢(nm) RMS (nm) ¢ (nm)

RMS (nm)

t (nm)

RMS (nm) 10% 4

A 47 0.26 26.7
B 47 0.26 535 0.17 27.0

0.52
0.95

11.9
11.9

Intensity [counts/sec]

10"
0.59 10°
1.03 10-' | bufferB

t, the thickness of the layer, RMS, the roughness on the top of layer.

J. Kanak, et al. Vacuum 82 (2008)1057
J. Kanak, et al. phys. stat. sol. (a) 204 (2007) 3942

102 L—— : . — . .

1 2 3 4 5 6 T 8 9
26 [7]

Fig. 3. Specular X-ray reflectivity measurements and fittings for Si/SiOx/

buffer/IrMn 12nm/Ta 5nm samples with buffer A: Cu 25 nm (a) and B:

Ta Snm/Cu 25nm (b). For better visualization the experimental and
fittings curves are split.

Seminarium WFIIS AGH, 25| 2019 12



U Uktady MTJ z barierg Al-O 1 MgO ® 0 0 ¢
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Fig. 5. Room temperature minor magnetoresistance hysteresis loops of
100 junctions with the A-O (a) and MgO (b) barrier.

Fig. 4. The AFM images (500 nm x 500 nm) measured on the top of annealed MT Js with A1-O barrier grown on buffer A Cu 25 nm (a) and B Ta Snm/Cu
25nm (b), and MTJs with MgO barrier grown on buffer A Cu 25nm (c) and B Ta 5nm/Cu 25nm (d).
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WJJJ Uklady PSV i EB-SV nabuforzeRu o o o ¢
AGH
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J. Kanak, et al. J. Appl. Phys. 113, (2013) 023915 INESC MN
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Analiza XRR - bufor Ru ®© O O ¢

AGH
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ﬂlmlﬂ Symulacje profili XRD
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Symulacje profili XRD ® O O ¢
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m‘m Nanoszenie - system przemystowy ® 0 0 ¢

AGH
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AGH
|"warstwa
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Ru 5 nm
- Warstwy MgO (0.65-1.1) nm
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I
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Potrzeba zastosowania bufora o
odpowiedniej grubosci - dolna elektroda

Seminarium WFIiIS AGH, 251 2019 19



Mm Optymalizacja struktury bufora ® 0 0 ¢
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Pomiary XRR, AFM

AGH
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Wptyw bufora na sprzezenia ® 0 O ¢
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Optymalizacja bariery MgO ® 0 0 ¢

XRD 6-26 XRD rocking curve
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Optymalizacja bariery MgO
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Uktady Co/Pt z antyferromagnetykiem

RMS = 0.55 nm RMS = 0.81 nm
J. Kanak, et al. IEEE Trans. Magn., 44 (2008) 238
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g. 4. RMS surface and interface roughness of (a) top- and (b) bottom-pinned
/Co]z—IrMn multilayers grown onto different buffer layers. (¢) Correlation
tween 1/2¢ and the rms surface roughness (measured by AFM). The solid
d dashed line in (¢) indicate fits to the data of as-deposited top-pinned and
ittom-pinned multilayers, respectively (excluding data for buffers A and E).
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Uktady Co/Ptzantyferromagnetyklem‘ ® 0 ¢
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multilayers grown onto different buffer layers. in (a) indicate fits to the data of as-deposited top-pinned multilayers with

lce = 0.5 nm and te, = 0.7 nm, respectively.
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Fig. 2 AFM images and corresponding height distributions of [2 nm Pt/0.5 nm Cols/2 nm Pt multilayers on four
different buffers. Image size is 500 nm x 500 nm.
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Fig. 1 XRD 0-20 scans (a) and rocking curves (b) for PUCo multilayers deposited onto buffers A, B, C, and D.
J. Kanak, et al. phys. stat. sol. (a), 204 (2007) 3950
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” Uktady Co/Pt z prostopaditg anizotropii ® 0 ¢
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Fig. 3 Polar MOKE hysteresis loops of
Fig. 4 The reversal magnetization relaxation via nucleation (a) and domain expansion (b) plotted as a function of [2 nm Pt/0.5 nm Co]s/2 nm Pt multilayers
In(#/159), where t5, is the time necessary to reverse half of the total magnetization. The lines indicate fits to the maxi- on buffers A, B, C, and D.

mum slope of the relaxation curves. The insets show MOKE microscopy images taken during reversal of Pt/Co
N . poee s . . ok 2
multilayers grown onto different buftfer layers. The image area is 200 x 250 pm”.

Table 1 Structural and magnetic parameters.

Bufter A B C D
AFM RMS [nm] 0.76 053 056 092
Reflectivity RMS [nm] 1.19 091 084 1.30
126 0.047 0.250 0.201 0.272
Gy [meV] 390 186 17.1 19.2
_ woHe [mT] 66.12 5241 46.54 53.19
. i . . . Kegr [kJ/m?] 446 921 894 931
1g. 5 age ayer  § i
Fig MFM images of Pt/Co multilayers on buffer Vi [nm3] 1230 1310 1430 1370

A (a) and buffer D (b). The image area is 4 x 4 ymz.

J. Kanak, et al. phys. stat. sol. (a), 204 (2007) 3950
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Spinowy efekt Halla

AGH
Spinowo spolaryzowany prad w metalach ciezkich - oddziatywanie spin-orbita

Materiat ferromagnetyczny Fe, Co, CoFeB

* Materiaty: ciezki metal - Ta, W, Pt,
Spinowy kat Halla 6¢,, stosunek prgdu spinowego
do pradu tadunkowego: A
Spin current _H;_:?
. &
g7
& 3

_h I
OsH = 3¢ )., / ¢/ /9
v

Charge current
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K. Ando, et al., J. Appl. Phys. 109, 103913 (2011)
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Mmﬂ Ta/CoFeB — badania strukturalne

AGH Wygrzewanie: 330 °C, 20 min
Bufory: Ta 5 nm, 10 nm, 15 nm
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Analiza pomiarow XRD ® O O ¢

AGH . .. : :
0-26 GID (grazing incidence diffraction)
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M. Cecot, J. Kanak, et al., Scientific Reports 7, Article number: 968 (2017)
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Struktura warstwy Ta

AGH RMS = 0. 23 nm
—

Ta 5 nm
SiO2

RMS =0. 26 nm
—

Ta 10 nm
SiO2

Figure 3. HRTEM images of Ta(d;,)/CoFeB(1)/MgO(5)/Ta(3) samples. (a) dy, = 5 nm; (b) dy, — 15 nm. The RMS = 0. 29 nm
(002) planes in the MgO layers are marked with blue lines. The insets in (a,b) show fast Fourier transform (FFT)
patterns from designated areas. The results indicate that the 5nm Ta layer is amorphous and the 15nm Ta layer '
is polycrystalline.
Ta 15 nm
SiO2
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Ul

Badanie interfejsu Ta/CoFeB

1E+08 § = 5Ta
1E+06 3 simulation
1E+04
1E+02
L a) L 1 " 1 1 1 "
'S 1E+08 4 10Ta
5, 1E+061; simulation
2 1
S 1E+04
Q E
O 1E+02 4
-! b) . 1 . 1 1 1 .
1E+08 + + 15Ta
1E+06:f simulation
1E+04 §
1E+02%
10)
T T T T T T T
1 3 4 5
w ()
0.70 -
_ as deposited O Tab5nm
0.65+ O TalOnm
—_ 1 A Tal5nm
g 0.60 + annealed ® Ta5nm
‘a‘ 1 ® Tal0nm
s 0.55 A Tal5nm
T |
0 0.50 1
%)
4 |
=) |
3 0.40-
x
0.351 A
J 8
0.30 T - T T
0.5 1.0 15 2.0 2.5 3.0

CFB thickness [nm]

Ta 5 nm

MgO 5 nm

Ta 5 nm

[\

SiO2

Ta 5 nm
MgO 5 nm

/I\

Ta 10 nm

SiO2

Ta5 nm
MgO 5 nm

Ta 15 nm
SiO2

RMS =0.22 nm
RMS = 0.57 nm
RMS =0.23 nm
RMS =0.53 nm
RMS =0.23 nm
RMS =0.51 nm
szorstkosc mieszanie

33

Seminarium WFIiIS AGH, 251 2019



Kat Halla, MDL

AGH
Warstwa magnetycznie martwa
X 5T d ited
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Ta/CoFeB/MgO 31m 5Taannealed " 1.0
2
] 0.8+
5 1_a) - Annealed
=0 . . R RS BN BN [}
N: 1 ® 10Ta as deposited ‘€064 i
— T T T T 1 £ 31 @ 10Taannealed % ¢
0.4+ SML~4.9% 7 2 21 0 0.4 _ 4
© r }”N=1'5 nm T Q, 1_. As deposited
o 0.2¢ o' 1 <E’:ob).. = . 0.21
..:.E: . s ] 1 A 15Ta as deposited
= 00 37 A 15Taannealed 2 0.0 —F————
© 5] 5 10 15
T BN ] ]
c SH 14 Ta [nm]
02} st e 1 19
m 4 O LA L L L L L L R L L L DL L L DL L
0.0 0.5 1.0 1.5 2.0 2.5 3.0
047 1 CoFeB thickness [nm]
0 50 100 150 200 250 300
T (K)
Figure 9. Spin Hall angle of the interface and non-magnetic metal Ta layers obtained from fits to experimental
data with indicated parameters of spin memory loss (SML) and A .
M. Cecot, J. Kanak, et al., Scientific Reports 7, Article number: 968 (2017)
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MJ Podsumowanie ® 0 0 ¢

W pracy przebadano szerokg game materiatow stosowanych w
elektronice spinowe]

 Wykazano, ze dobor materiatow, sposob nanoszenia oraz struktura
warstwowa ma ogromny wptyw na wtasnosci mikrostrukturalne

* Pokazano wptyw struktury na miedzywarstwowe sprzezenia magnetyczne
| charakterystyki przetgczania
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Mm Podziekowania ® 0 0 ¢

AGH

Katedra Elektroniki, AGH:
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