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- AlOx MTlJs : Magnetic Field Sensors, HDD read heads
Top Lead
_ MgO MTlIs : non-volatile memories (MRAM), Spin
Bncd Layo Transfer Nano-Oscillators (Wi-Fi, novel CMOS
Current Flow JEiNAINGIERYEE magnetic hybrid devices)
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PVD Deposited MgO Magnetic Tunnel Junctions NANDTECHNOLOGY
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Amorphous Al-O barrier Crystalline MgO(001) barrier

‘ No symmetry ‘ ‘ 4-fold symmetry |
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Cooling water

Permanent magnet

—>—  PVD systems:
\_@_
RF . . . .
e coherently tunneling is routinely achieved
| = ¢ TMRis strongly system dependent
Plasm:h'e e best TMR values are still far away from
Magnetic field lines theoretical predictions (>1000%).
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o .
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Kauffmann type lon Beam Guns NANOTECHNOLOGY
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: lon Beam Current

V- : Extraction Voltage

Number of lons extracted per unit I : lon Beam Divergence

of time and the energy per ion are
independent parameters! Constant Beam Profile : I* = o (V* - V-)3/2
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lon Beam Deposition
MgO lon Beam Deposition — Not Assisted
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Equation y=a+b*x I+ :+138mA
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lon Beam deposited MgO is always
amorphous in the as-deposited
state!
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Nordiko 3600 lon Beam Deposition Tool NARTECHNOLOGY

BACK VIEW

Assist Neutralizer

Substrate Table

Permanent Magnet

Substrate Shutter

Deposition Gun

Target Assembly

Target Shutter

\\ Deposition Neutralizer

Target Shutter Extension

lon Beam Assisted Deposition of MgO :
* An assistance Ar ion beam, directed to the substrate is used to provide extra energy

to the atoms as they are deposited
* This extra energy can promote the crystalization of the MgO
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XRD diffraction of CoFeB/MgQO/CoFeB stacks NANSTECHNGLOGY

MgO Deposition Conditions:
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Ial 38 | ! | | ! | ! | ! | ! |
Q 35 ] —=— As deposited i
©. - —«— Annealed 1h@Tset=360C
> 341 £ Mg0 002 ]
w327 i CoFeB bcc 001 .
- ! g !
g 1 n i
£ 28 : .
s »| | o
= 244 j I I _
S ] o+ |
E 22 —_ '//L \.\-_“'. _," .'-II._ -
E 20 __ . "y ) 1 " mal™ \".'-.-l-_
0O 13- q‘??-:;"/. '.-"‘:q-q"-"-"::"m e " il ]
S 16- T 30A
; 18 20 22 24 26 28 30 32
~ 26
raga .




lon Beam Assisted Deposition INE?‘

Deposition rate versus Assist Gun Beam Power NANOTECHNOLOGY
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Effective Deposition Rate = Deposition Rate —
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Effect of Assist Gun lon Energy (V*) NANOTECHNOLOAY
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Effective Deposition Rate = Deposition Rate —
Deposition Rate o Dep Gun Beam Power (I* V*)
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Effect of Assist Gun Beam Current (I*) NANOTECHNOLDAY
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Soft Energy Transfer Regime

I* >=80mA is required Etch Regime

I* >=70mA

100 Crystalline MgO
90 - -175V
m 175V
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E 70 m 175V m _100V
J'r—' 60 B 350V ® 300V
— 50
8 40 I"<=60 mA
= 30 Amorphous MgO region
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5 20 - :
b eposition Gun Parameters:
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MgO Deposition Conditions
—=»— Dep Gun (+138mA; +1000V/-275V) | Assist Gun (+100mA; +100V/-550V)
—=»— Dep Gun (+108mA; +800V/-275V) | Assist Gun (+100mA; +100V/-550V)

— 281 . .
N ] 7N ]
S 2 [ | : ,
> T / \ 1 MgO texture is stronger for
‘w24 ) \ 1 conditions with larger lon/Atom
é - 1 _/' /./'\'\ \.\ 1 ratio (Assist Gun I* / Dep Gun I*).
C - ./ /l | ] l\\. —

1 /'/ / \ A 1 The assist gun current required
S 204 S .. \ \ -
o /_/./ o \ . to promote MgO crystallization
g 18—- _/-/ '\.\_\\ Pt " ] increases with decreasing assist
E | \-\\\ .. | gunvoltage.
o 16 7 N Soft Energy Transfer Regime
? 18 | 19 | 20 | 21 | 2o is hard to get : very large
< currents are required for very

low voltages in order to
crystallize MgO
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X-ray Diffraction I N E?‘

Etching Regime versus Soft Regime : impact on MgO structure NANOTECHNOLOGY
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MgO Deposition Conditions
—=—Dep Gun ( +74mA; +600V/-275V) | Assist Gun (+100mA; +30V/-850V)
—=— Dep Gun (+108mA; +800V/-275V) | Assist Gun ( +70mA; +275V/-175V)

‘v 36- l19.6° .

8 34 - “n 4

— 1 19-2°l /\. Etching Regime

>, 32+ .

= 304 Soft Regime { \ -

2 0g / / \ ! 1 XRD Diffraction shows that:
2 . / / ! \ Tail indicating lower -

S 26- Do quality texture 71 1) Textured MgO can be

C  24- A S . obtained in both regimes
o 1 . N l

S 224 r/ \ N -

% 20 4 / / '\-\_\ e 1 2) There are structural

v 18 _,.jﬁ/ T 1 differences between the
0 ] ] MgO deposited in the two
> 161 | _ | _ | _ | _ I regimes considered

S 18 19 20 21 22

x 20 [°
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MgO lattice constant tuning NANOTECHNOLDOY
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2126777717177
2.120 |- -
% 2115 == .
o - J
8 2110F = o
C - 2.106A |
8 2.105 i ] MgO lattice constant can be
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S 2.005| ] >SSt EUn P
— I ] and the deposition gun
@) | i
g 2.090 _ _ power.
2.085 | . .
I ] This feature can be used to
2.080 L reduce the mismatch
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X-ray Diffraction

Etching Regime versus Soft Regime : structural differences

“S s
oey
INCS

NANOTECHNOLDGY

LARORATOR

MgO Deposition Conditions
—=—Dep Gun ( +74mA; +600V/-275V) | Assist Gun (+100mA; +30V/-850V)
—=— Dep Gun (+108mA; +800V/-275V) | Assist Gun ( +70mA; +275V/-175V)
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Stacks prepared thin MgO and thin CoFeB layers NANOTECHNOLDAY
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University

of Glasgow

10 bi-layers MgO deposition conditions :

1) Soft Energy Transfer Regime
Deposition Gun : +600V; +74mA; 4.0 sccm Xe
Assist Gun : +30V/-850V; +100mA; 10sccmAr

2) Concurrent Etching Regime
Deposition Gun :+800V; +108mA; 4.0 sccm Xe

Assist Gun :+275V/-175V; +70mA; 10sccmAr

CoFeB and Ta deposition conditions :
Deposition Gun : +1200V/-275V; +170mA; 4.0 sccm Xe
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Etching Regime versus Soft Regime : CoFeB crystallization NANOTECHNOLOGY
Soft Energy Transfer Regime Concurrent Etching Regime
Deposition Gun : +600V; +74mA; 4.0 sccm Xe Deposition Gun :+800V; +108mA; 4.0 sccm Xe
Assist Gun : +30V/-850V; +100mA; 10sccmAr Assist Gun :+275V/-175V; +70mA; 10sccmAr

e g

5 i "_ﬂ . ,"‘-"-"
[

A

¥ of Glasgow

@ University
e

e -

Mostly crystalline CoFeB Mostly amorphous CoFeB
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Etching Regime versus Soft Regime : CoFeB crystallization NANOTECHNOLOGY
Soft Energy Transfer Regime Concurrent Etching Regime
Deposition Gun : +600V; +74mA; 4.0 sccm Xe Deposition Gun :+800V; +108mA; 4.0 sccm Xe
Assist Gun : +30V/-850V; +100mA; 10sccmAr Assist Gun :+275V/-175V; +70mA; 10sccmAr

200 CoFeB
&
020 MgO

i 110 CoFeB

200 MgO/
¥ 110 CoFeB

e|ndexed reflections in the FFT suggest [001]
texture of the MgO and mixed orientations for

I the CoFeB
(Sse;)c)te: AreatDl ractlcsana;ctern *CoFeB does not exhibit crystalline properties
shows strong out of plane evervwhere . s
[001] texture in all CoFeB and y UmVelSltY
MgO layers of Glasgow
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 |on Beam Assisted Deposition is an effective technique to obtain
strong textured CoFeB/MgO

e There are two assisted deposition regimes : soft energy transfer
and concurrent etching regime

e XRD data and TEM show that the crystallization of CoFeB
depends strongly on the assisted deposition conditions of MgO

 Data suggests that the best conditions to obtain high textured
CoFeB/MgO are obtained with high current and low voltage
assistance beams

The impact of the assisted deposition conditions on the transport properties of magnetic tunnel
junctions is currently being determined
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Thank you for your attention!

Questions?



