MAGNETIZEM



magnetit poznan ze starim Grkom (Tales, 600 pr.n.S. 4 aeat
Kitajcem (400 pr.n.S.): privladi zelezo o
kompas (Kitajska, 12. stoletje)

Orsted (1820): tok v zici ima enak uginek na magnetno
iglo kot trajni magnet

Faraday: pojem magnetnega polja, silnic; indukcija
(1831)

Gauss, Biot, Savart, Ampere: zveza med elektricnim_in
magnetnim poljem

Maxwell: klasicna teorija elektromagnetizma
Tesla: vecfazni motor na izmenicni tok, transformato ,
Einstein: posebna teorija relativnosti
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Magnetic Field Calculators

JI Declination ’ \ U.S. Historic Declination } \ Magnetic Field l \ Magnetic Field Component Grid }

Magnetic Declination Estimated Value o

Declination is calculated using the most recent World Magnetic Model (WMM) or the International Geomagnetic Reference Field (IGRF) model. For 1590 to
1900 the calculator is based on the gufm1 model. A smooth transition from gufm1 to IGRF was imposed from 1890 to 1900. Declination results are typically
accurate to 30 minutes of arc, but environmental factors can cause magnetic field disturbances. The calculator provides an easy way for you to get results in
HTML, XML, or CSV programmatically (API). For more information click the information button above.

Calculate Declination Lookup Latitude / Longitude
. o e . Either enter a zip code, select a country/city, or search for an
Latitude: il SON address at USGS Earth Explorer.
Longitude: 14° 38' 23" WOE
U.S. Zip Code:
Model: OWMM (2014-2019)  IGRF (1590-2019) -OR -
Country: -Choose a country- j
Date: Year 2016 v| Month 6 ~| Day 3 ~|
City: -Choose a city- j
Result format: OHTML XML = CSV ' PDF

Get & Add Lat/ Lon
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Type

LTO-1 LTO-2 LTO-3 LTO-4 LTO-5 LTO-6 LTO-7 LTO-B p-giNete 1] LTO-8 LTO-10 LTO-11 LTO-12
Dec Dec.
Release date 20008 2003 2005 |2007 | 2010I9 = 10! 201501 Dec. 2017 TDA TBA 1BA TBA
201257z
Native/raw ‘ - S
) 100 GB | 200 GB | 400 GB | 800 GB | 1.5 TB!!4. | 2,5 TB.15! | 6.0 TB!1CN6l 12 TB'7] g TB 24 TBU14118] 48 TBI'4 g6 TBU4 192 TBI14/
data capacity
Compressed
capacit 200 GE 400GE 80GEB 168TB 3078 6.25TB 15T8 30TH 225TB 60 T8 1125TB 2407B 480 TB
pacity
Max
uncompressed y
P 20 40 80 120 140 160 300179 360 300 708 1,100 1BA TBA
speed (MB/s)
[18)[Note 2)
Max
compressed 40 B0 160 240 280 400 750 900 750 1,770 2,750 1HA 18A
speed (MB/s)
Time to write a
full tape at
max 125 1:25 125 1:50 3:10 4:35 5:55 9:16 8:20 TBA TBA TBA TBA
uncompressed
speed(hh:mm)
Compression o e
) Yes, "2:1" Yes, "2.5:1" Planned, "2.5:1"1£1=0]
capable?
WORM
No Yes No Flanned
capable?
Encryption
No Yes Flanned
capable?
Max. number )
1 (no partitioring) 2 < Flanned

of partitions



|. Kaj je feromagnetizem!

Te: Curiejeva temperatura @ Al paramagnet
RRRRRRRRARR feromagnet

AERRARARARY antiferomagnet
SRR AN RN ferimagnet
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magnetne (VWeissove) domene
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NdFeB-Aufschnitt
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2a. Kaj je izmenijalna interakcija?

E4 bt

S direct exchange

Fig. 3: Simple picture of direct exchange: The antiparallel alignment of the spins (left) is
favored, since it allows the electrons to hop to the neighboring site. For parallel spins (right)
hopping is suppressed by the Pauli principle.



2b. Kaj je magnetna anizotropija?

“Easy-axis”



3. K3j je histerezna zanka? Kako jo lahko preprosto pojasnimo!?

M magnetizacija
A

zasicenje (saturacija)

remanenca— | ——————— T

histerezna zanka

~ magnetilna krivulja
>

H
jakost
magnetnega
polja

koercitivhost

1~ 1000



MAGNETIZATION
ROTATION

IRREVERSIBLE
BOUNDARY
DISPLACEMENTS

REVERSIBLE
BOUNDARY
DISPLACEMENTS

F1G. 6. Representative magnetization curve, showing the dominant
magnetization processes in the different regions of the curve.
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Fic. 1. Magnetization curve of single crystal of silicon iron. The
B scale is only approximate. (Williams and Shockley, 1949.)
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4. Kaj je gigantska magnetoupornost? Kako izdelamo
naprave s to lastnostjo? Kje se uporabljajo!?

Anisotropic magnetoresistance

AR/R (%)
4

Currnt

Nastane zaradi sklopitve spin-tir + Lorentzeve sile



Resistance (R)
A

Magnetoresistance ratio
(MR ratio)

< >

Magnetic field H required
to induce MR change

T .
0

Magnetic field (H)




AMR senzorji

Sensor
Output

Rectified
Sensor
Output

G

Vary field > Vary field %
with tape with tape
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GIGANTSKA MAGNETOUPORNOST
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A. Fert, P. Grunberg, 1988 (Nobelova 2007)



Nanometre

(FeCr)n, n=60. A. Fert,

Fe/Cr/Fe trilayer, P. Griinberg,
Liquid He temperature
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(Fe 3nm / Cr 1,8nm)

(Fe 3nm / Cr 1,2nm)

(Fe 3nm / Cr 0.9nm)
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@ The Nobel Prize in Physics
2007

"for the discovery of Giant Magnetoresistance"

Photo: ©
Forschungszentrum
Julich

Photo: B. Fert,
Invisuphoto

Albert Fert Peter Griinberg

"This year's physics prize is awarded for the
technology that is used to read data on hard disks. It
is thanks to this technology that it has been possible
to miniaturize hard disks so radically in recent years”
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Inductive Write Head
P2 Laye

Inductive Write
GMR Read Sensor

ductive Head P1

Copper Write Coils

Contact
Spin Valve/GMR Sensor

Shield2
hield1

Antiferromagnetic
Exchange Film

o’/
— Contact

Hard Bias

Hard Bias

N

Cu
Spacer

NiFe GMR
Free Film

Co GMR
Pinned Film




TUNELSKA MAGNETOUPORNOST
(SPINSKI VENTIL)

[0 ®)
- > /FM electrode
—+—Tunnel barrier E—
? _|"~FM electrode

Parallel (P) state Antiparallel (AP) state

cos*(6/2)

magnetni
tunelski spoj

Miyazaki, Moodera (1995)
(prvic pri sobni temperaturi)



AMR: MR=2% v NigoFe20 (permalloy)
GMR: MR=20% v Co/Cu/Co
TMR: MR=250% v Co/MgO/Co

=

6 1000 £~ AMR _~ GMR ___~ TMR
= T PTTTTTTPPPrrrry
S 100 —_ X"

S/ . T

‘B\ 10 .' [ 5

2 _n TMR head

Q 1 m_

-g! o - _,?

€ 01F. GMR head

|5

O 0.01 1 | 1 I | I 1 |

S 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Year

Kryderjev zakon: faktor 1000 v desetih letih.



HRANJENJE PODATKOV



|. Kaj je superparamagnetizem in Neelov relaksacijski cas!?



Wafer of MgO-TMR head

MgO-TMR head

Inte-
gration

Inte-
gration JMagnetic shield
(top lead)

Permanent 4 Permanent
magnet g~ agnet

€ Commercialized since 2007.

" Magnetic shield
€500 Ghit / inch? achieved (density tripled). — (bottom lead)

@ Applicable up to 1 Thit / inch? (at least). TEM image

20 nm




2. Kako deluje tranzistor s plavajoCimi vrati?
Zakaj je stevilo pisalnih ciklov omejeno!?

Asimetrija: pisanje veliko poCasnejse.



 MLC
3-4 bits per cell @ 10K duty cycles

SLC
— 1 bit per cell @ 100K duty cycles

eMLC
— 2 bits per cell @ 30K duty cycles



4. Kako deluje MRAM!? Kaj so poglavitne prednosti?

MRAM
M=magnetoresistive

.

Bit Line
Write Word
Line
vdd
N

Magnetic Free Layer
Tunnel barrier

Magnetic Pinned Layer
Antferromagnetic

Hm

STT-RAM je izpopolnjena verzija MRAM



Bit Line

MTJ

Write Liine
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Word Line

777
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~ EVERSPIN
P x £s

—SuGea MR20H40 / MR25H40

MR20H40 - 50MHz/20ns 'SCK (Industrial Temp Range) 4Mb SPI Interface MRAM
MR25H40 - 40MHz/25ns 'SCK (Industrial, Extended and AEC-Q100 Grade 1 Temp Range) 4Mb SPI Interface MRAM
For more information on product options, see “Table 16 - Ordering Part Numbers” on page 24.

FEATURES

« No write delays

« Unlimited write endurance

« Data retention greater than 20 years
« Automatic data protection on power loss 8-DEN
« Fast, simple SPI interface, up to 50 MHz clock rate with MR20H40.
« 3.0to 3.6 Volt power supply range

« Low-current sleep mode

« Industrial (-40 to 85°C), Extended (-40 to 105°C), and AEC-Q100
Grade 1 (-40 to 125°C) temperature range options.

8-DFN Small Flag

« Available in 8-pin DFN or 8-pin DFN Small Flag, RoHS-compliant

packages. ¢R0Hs

« Direct replacement for serial EEPROM, Flash, and FeRAM
« MSLLevel3



Memory Taxonomy

v )

Charge storage Resistance switching

(Inted)
EEPROM, Fiash,
FRAM, Si-dots




Phase Change Memory (PCM)

word line
Phase Char

insulator

access device

GeSbTe (GST)



> : 32Mb, 64Mb, 128Mb: P5Q Serial PCM
M icron Features

P5Q Serial Phase Change
Memory (PCM)

NP5Q032AE3ESFCOE, NP5Q064AE3ESFCOE
NP5Q128A13ESFCOE, NPSQ128AEJ3ESFCOE

Features
* Density range: 32Mb, 64Mb, 128Mb
= SPI bus compatible serial interface
* Maximum clock frequency
66 MHz (0°Cto 70°C)
- 33MHz (-40°C to +85°C)
= 2.7V to 3.6V single supply voltage
= Supports legacy SPI protocol and new quad 170 or
Jual I70 SFI protxeul
e Quad 1/0) frequency of SO MHz, resulting in an
equivalent clock frequency up to 200 MHz
* Dual 170 frequency of 66 MEz, resulting inan
cquivalent clock frequency up to 132 MHz
e Continuous READ of entire memory via single
instruction:
- Quad and dual output fastread
- Quad and dual input fast program
= Uniform [128KB sectors (Flash emulation)
* WRITE operations
-~ 128KB sectors ERASE (emulated)
- Legacy Flash PAGE PROGRAM
- DBit-alicrable page WRITLEs
- PAGEPROGRAM on all Is (PRESET WRITEs)
= Write protections: pretected area size defined by
four nonvolatile b:ts (BP0, BP1, BP2, and BP3)
= JEDEC-standa:d two-byte signaturc
- A2Mh(DA16h)
- 64Mb (DA17h)
- 128Mb (DA18h)
= 22ZM, 64MDb, and 128MDb censides with SOICI6
package
= More than 1,000,000 WRITE cycles
= Phase change memory (FCM)
- Chalcogenide phase change storage clement
— Bit-alterable WRITE operation



Resistive RAM (RRAM ali ReRAM)

Top electrode

“Forming” m

stev Bottom electrode
| Cpnds-a
filament <‘§E

Podobno conductive-bridging RAM (CB RAM)
= programmable metallization cell (PMC)

Kovinski atomi iz elektrode preidejo v tanko plast



MEMRISTOR = MEMORY RESISTOR

U = R(q)!
dq
17
dt
memristanca: M (q) = CCZZ_CI)
q

( - |




Intel Optane (3D XPoint)

Irtzl Xpoint Memory is a PCM (Pnase Chance Memoary) with a doukle storage-sel=ctor
stacked memory cell between metal 4 end mezal 5. GST-based materials are usced for
the storaqe, wnile As (arsenic) coped chalzogenide materials (Se-Ge-Si) are used for
the szlecter in wnich Az might be used to sappress crystallization. Thig is likely a type
of Cvoniz Threshold Switch (OTS) structure. We found that the 3D Xpoint memory
layers ere placcc octweer metal 4 and mretal 5 and connected with € few sclector
contact p ugs cn metel 4. Well be digging ceeper into the dov ce to finc more
inrovative technology, and we'll sharc that with you in the ncar futurc.

‘E R AL \}U Va1

X |

B LT vy P=TITI
TR AR TN

IR AR AL w’

Insughts

=igur2 3. X-point Memory Arréy X-section SEM ard T=M images

ovonic threshold switch (OTYS)



Magnetic racetrack memory

Domain wall devices

MTJ !!0’!
e-
<
MTJ 1"

—tf

Parkin et al., Science
320, 190 (2008).



Pomnilnik iz atomskih verig

® ® 0 0 0 00 0 0 00
@ ® 9 0 0 0 009 0 0 00
el elo el ale elo ade
® ® 0 © 0 0 00 0 0 0o
ele elo ale alo ale e
® 9 0 0 0 0 0 0 0 0 00

>17 ur

Cas.
vendar pri T=100mK

u A\ 4

relaksacijski



4. Kateri fizikalni pojav izkorisCamo za branje podatkov z
optiCnih medijev?

etiketa
zasCitna plast
plast Al

polikarbonat

label protective

/ layer
/
metal land '
. N _ -
laserski zarek — || pit | =—

destructive |
interference



Blu-ray Disc
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___ Laser wavelength:
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