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Abstract

Integration of magnetic thin films with existing silicon technology has enabled rapid
developments in the field of sensing and memory applications. The electronic spin
characteristics of magnetic materials are used in the development of spintronic devices. When
the resistance of the material changes due to an external magnetic field, this change in resistance
is magnetoresistance. Magnetoresistance has a long history of development (AMR, GMR, TMR,
etc.) and a lot of research groups across the world are utilizing various magnetoresistance
effects for spintronic device development. Modern magnetic random access memory (MRAM)
technology relies on the magnetic tunnel junction (MTJ) consisting of the state-of-the-art
CoFeB/MgO/CoFeB sandwich structure responsible for the tunnel magnetoresistance (TMR).
This research is focused on the development of sensitive, cost-effective, and industry-friendly
spintronic sensors and the optimization of magnetic Tunnel Junctions (MTJ) used for spintronic

memories.

In this dissertation, the development of CoFeB based spintronic sensors and further
modifications made on the CoFeB layer by the addition of thin layers to develop a memory
device have been reported. The importance of the interface between the sensing layer and the
successive layer and the performance of the device due to interface engineering has been
investigated experimentally and analytically for spintronic memory application.
Magnetostrictive ferromagnetic material is selected for the strain sensing application and
CoFeB is considered as the best candidate due to its wide usage in magnetic tunnel junctions
for sensing and memory applications. Spintronic strain sensor was developed on flexible
substrate and the resistance change was observed based on anisotropy magnetoresistance
(AMR). The device shows a good sensitivity at low magnetic fields on flexible substrate (GF:
~4.5) for an applied strain up to 30 um/m. Further, for deep investigation and understanding the
domain change and confirm magnetostriction, micro magnetic simulation has been performed
using object oriented micro magnetic framework (OOMMEF). The simulation results have
confirmed that the coercivity (Hc) of the spintronic flexible strain sensor increases with the
application of stress, which was earlier observed in the magnetic measurements. Then the
heterostructure formed with CoFeB and MgO was optimized for perpendicular magnetic
anisotropy (PMA) and during this process it was found that CoFeB/MgO heterostructure can

be used for the development of Anomalous Hall effect (AHE) based biosensors. The
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heterostructure interface can generate stable interfacial perpendicular anisotropy and features a
high magnetic tunneling effect. An enzyme-linked immunosorbent assay (ELISA) based AHE
magnetic biosensor was developed through TESUD functionalization. Through several sets of
magnetic layer thickness, this work also explored the optimization process of ferromagnetic
layer used. The proposed Spintronics-based Anomalous Hall sensors are compatible with
semiconductor fabrication technology and can be effectively miniaturized and integrated with
semiconductor chips, which has the advantage of reducing manufacturing cost and power
consumption. Compared with traditional biological colorimetric measurements, it has more

advantages in quantification and immediacy.

In the later part of this dissertation, the interface in CoFeB/MgO heterostructure is
further studied to understand the effect of roughness in spintronic memory performance. A new
roughness model was developed for the atomistic magnetic simulation of the CoFeB/MgO
interface. This roughness model was used for investigating the damping of CoFeB/MgO films
and the effective damping constant a was accurately predicted for ferromagnetic layers of less
than 2 nm using this model. This roughness model is further used in the performance study of
the MTJ used for Spin Transfer Torque (STT) MRAM application. Later on, the free layer
interface of MTJ is modified with thin Mg-layer insertion. The performance of MTJ with and
without Mg-insertion is studied experimentally and validated using atomistic simulation. The
Mg-modified interface was shown to enhance breakdown-voltage while reducing switching
current and asymmetric switching behavior, with a moderate sacrifice in perpendicular
magnetic anisotropy, tunneling magneto-resistance, and resistance-area product. This
performance trade-off was observed in all MTJs, regardless of cell size (180, 130 and 80nm;
each size has been tested with at least 20 cells). A spin-dependent band diagram was constructed

to correlate the tunneling/switching properties of the MTJ with such trade-off scenario.

In summary, the dissertation is dealing with the study of CoFeB ferromagnetic layer for
inverse magnetostrictive sensor fabrication on flexible substrate, investigation of interface
formed in CoFeB/MgO heterostructure used for magnetic sensor applications and modification
of the interface for STT-MRAM application.

Vi



LI

HroleT ffere T Tt & W1 9o g ude fhed! & THIHRUl A Tde 3R Hid
VAT & & B aoit § faem &1 9em fora g1 RS e Suawul & fawr & daa
I B Zaae b U faRITdTael &1 IUTNT foha SiTdT § | 19 S18<t gad 19 &5 & HRUI
AT T UfeRIY Faadt g, df UioRiy & 98 IRad dadbd ¢ | TUCRRRe Y &I b &1
T A9l 308N 8 (AMR, GMR, TMR, 371fe) 3R gfam 1R & 9gd IR Xy J4g R e
fEarsy fawra & fa ol AUCRRRET UuTal &1 ST SR IR € | 3NYd gad i ¥8H
TR AART (MRAM) dH-1d ded1T I SaRkE (MT) R R Hdt 8 s 3@
TUERRRSY (EUHSR) & o fSTHER S/Tyf® CoFeB/MgO/CoFeB dafad TTAT
M 81 T8 Y YT, AT THTE 3R I & 3 fRiciHe I & [Jbrg
3R IS argl & fou IuahT fvy STH aral 9ea i I Sia-M (MTJ) & 3Had IR
Bl g1

3T MY &Y |, CoFeB 3MTUTRT e IR & fawm iR T A0 fsagy
I RId #3 & o Ul TRal & SS@R CoFeB TRA WR T T SR T=eH! &! Fa-T &
Ts 3| ARIT AR 3R Hile R & §19 3BT & Ted 3R B SoNaiT & BRI
fEarsy & UeeH o fRidRe ARt tfRreed & fore yaimes iR fawavunas =0 3
ST T B 1 R IR Rt & oy Ak faea hRimwfes Hefad &1 99 e
ST & SR AR 3R AR /o & o e ta Qi1 SiavH! H 39 e IUdNT &
HRUT CoFeB ! TN ST SHIGAR AT OI1d g | FRUCIH® W YR oI ddial gehee W
faeTd foram T o7 3R sifiiedt FRERRRST (AMR) & TR R UfaRlY URad= g@r
1 7| fSarsy alic Is¥ice (SlIUw: ~ 4.5) TR &Y gaod g &3 § 30 ym/m dd ARL a1
& o U 33 Hdg-Riad feardr 8 | SH% S1adl, T8 oid 3R S URdd- &I JHgH
IR AU B1 Y T & o, sifesiae ifics Al AAfed HhHaadh (OOMMEF)
®1 IUANT IR H1eeh! Mifesds Rgae favan war g1 Rgawe afvoma 3 gfY & 8 f
A% Tffyad ¥ YR B TR (Ho) T1d & 3Mded & W1y §g ot g, 5 uga
G AT T T 747 UT| I CoFeB 3R MgO & 1Y T3d GeRRedRR &l dadd Jad g
farerdt (PMA) F fo i fovam am ot 3R 39 Ufshan & SR I8 urn a1
CoFeB/MgO BeRIRCER &1 IUTNT TAHAY gl Ihac (AHE) JTUTRT IR & fdbr
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o foTE fordT ST Tl 81 TERRCaRR St fRR S uad dadd H™Ieidl 3dd &
THdT § SR U I JaB 1T I YHTT U T 8 | T Toed ¥ IS SRFNREC IRE
(ELISA) 3TTRT AHE JS3 1T TRIRIR B TESUD HRITEH SR o ATead ¥ faeRia fovar
T 4Tl 9e%1g URd HIcl & &5 Ul & HIegH T, 39 HH - WA HI oA aret
HRITIe®H TRA P e Uehdr &I 1 U & | TRaTfad fuci-ag-snenid THvaw
B IR FHidhsaex BIFHIH dad-iid & ad WA § 3R 34 YHidedeR faw &
TUTET &1 9 BieT SR ThIghd a1 o Fava &, fored fafaior anma o fosret &t wua
DI HH B BT AH ¢ URURS oifde Juiffifa A &t o |, aRkaAmfieRor iR
dIpIfcIendl § 39 3w WIag ¢ |

U MY Yoy o §1g b YT F, RS Wi U= T WU & UHId DI G0
& feTT CoFeB/MgO ReREaRR H §exthy &1 3R 30 faa1 TT § | CoFeB/MgO 3ethd
& WA 49Dy Rga=E & T T =41 WRexu died fasfya foanr war o1l 9
RS HISH BT SUANT CoFeB/MgO et 1 Siiar & fore famam wam o1 SiR 39 Aisd &1
SUTRT TR 2 nm I HH DI BRIHATCH TRl b forE THTET FRRIS BT Gl SHM T
AT YT| I8 QRExIU- Ared 3AF f& RWR 2id (STT) MRAM TRIHRM & fore IuaiT
f3FT M a1 MT) & USRI 31eqg & SUART foed1 STt 8| §16 H, MTJ & ThT TR Sexthg
! el Mg-aaR SR & a1y SNfAd foar mar 8 1 Mg-aftre & Iry 3R faAr M1 &
UERH BT TS FU J 3{eqg- a1 STaT 8 3R TR REARM &1 YA Hdb HI
ST STTAT 8 | Mg-TNTAd SeXthd & ShSI3--dlecl B SgH o [aTd @ 74T T, STafd
fRafei Fie 3R TRAfee® fRafit udeR &1 %1 $HRd gU, dadd gae g AT, e
TRy SR UfRIY-8 IdTe § T Tead JieiaM & 91 | 9d STHR (180, 130 3R
80nm; U 3MBHR BT HH T HH 20 I & 1Y &1 fobam 771 8) &) WRare foru fom,
Tt THeS # T e <RaT T 7| QY TS- 3T uRewd & Iy MT) & eferT/ Rt
0T ) TSI TR & e T -3 '€ 3ma 1 fAmtor fasar o)

G H My yeY Tl gehee W Idel HUelRefded YR fAufur & faw coreB
RTINS IRA & AT ¥ Yafd g, ad i YaR VAN & e IudiT fvg o ara
CoFeB/MgO B¢ aRR H TTfEd $exthy &1 ofid 3R STT-MRAM TR & o exthd
DT G|
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(a) Switching energy barrier curves of w/o-Mg and w-Mg MTJs;
(b) domain configurations obtained from atomistic simulations
of w/o-Mg (upper) and w-Mg (lower) MTJs in various stages
(45°, 75°, 90°, 105°, and 135°) of free-layer switching from up
spin (blue) to downspin (red) (white portions represent atoms

involved in in-plane magnetization).
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