K., (Merg/cc)

1/9

100

/ Multilayer(s) ~—T™~—130
104 —— [ Free layer $

106 __—4— Spacer layer

Reference
102 — [ layer *

FIG. 1

=== N ot annealed
[ ==O==300C

Pt thickness (A)

FIG. 2A



S aturation magnetization (emu/cc)

2
Kt (ergicm’)

by
o

N
ul

g
o

N
162}

1.0

1000

750

500

250

2/9

| =l Notannealed
«=Qe= 300C

T

=

0 1 2 3 4 5
Pt thickness (A)

FIG. 2B

-===NoOt annealed
==O==300C

| r-<<{>{§§:{_ |

Ptthickness (A)

FIG. 2C



3/9

302 304
l /
Applied magnetic field 0 1‘/ 2 i{
Te ing | —
. /—op compensating layer 1$ 1:1 3 i m I i ‘M‘TT
120 —1T Spacer layer
104 —1— Free layer
106 —1— Tunnel barrier
102 —T— Reference layer
L —  Coupling layer _—
i Pinning layer llii E llll llll
116 —T
114 —1— RKKY layer .
Bot. ing |
12 _/—_ot compensating layer TTTT 5: TTTT TTTT
110 —1— AFM layer X¥xx 08 64 SSCEIR S 83

/‘

300

FIG. 3



122

120
104

106

402
118

116

114

112

110

400

\

Top compensating layer

Spacer layer

|

|

Free layer

|

Tunnel barrier

Reference layer

L —

Coupling layer

Pinning layer

|

|

LU LL L

RKKY layer

Bot. compensating layer

—

\

. AFM layer

\

Bottom pinned MTJ

FIG. 4A

4/9

402
Second material layer 404
Interlayer _| —406
Multilayer(s) _|—130
First material layer _1—403
FIG. 4B
450
CoFeB 44
456
Ta T
453
[Co/Pd]yor[Co/Ptly —T
FIG. 4C



122

114

116

118
402

106
104

120

112

110

500

\’

Top compensating layer

\

RKKY layer

\

Pinning layer

|

|

Coupling layer

Reference layer

|

Tunnel barrier

Free layer

\

N L N O

\

Spacer layer

\

Bot. compensating layer

-

\

AFM layer

_—

Top pinned MTJ

FIG. 5A

5/9

402
First material layer _|—403
Multlayer(s) _|—130
Interlayer _|—406
Second material layer _ | —404
FIG. 5B
450
—453
[Co/Pt]y I
{456
Ta
454
CofeB ]
FIG. 5C



122
120
604

106
102
118

116

114

112

110

600

\'

6/9

604
Top compensating layer \'

N
I Spacer layer ,
A Free layer \ Multilayer(s) _/';(3)2
e Tunnel barrier Interlayer -—
__+— Reference layer First material layer 1 ——606
—T1—  Couplinglayer
- Pinning layer
— RKKY layer

t. com ting|
_/jo pensating layer
T AFM layer

Bottom pinned MTJ

FIG. 6



122

114

116

118
102
106
604

120

112

110

700

\'

79

604

\‘

First material layer

| —606

608

/ Interlayer
Multilayer(s)

130

Top compensating layer
—/r‘—
e RKKY layer

Pinninglayer

= ,
—1—  Couplinglayer
—1— Reference layer
— Tunnel barrier
—T Free layer
i Spacer layer

Bot. compensating layer
-
Y AFM layer

Top pinned MTJ

FIG.7



8/9

800

forming a ferromagnetic reference layer
having a fixed or pinned magnetization
direction

802
f

forming a ferromagnetic free layer having
a switchable magnetization direction
based on spin transfer torque

f804

forming an insulating spacer layer between
the ferromagnetic reference layer and the
ferromagnetic free layer such that the
ferromagnetic reference layer, the
insulating spacer layer, and the
ferromagnetic free layer form a magnetic
tunnel junction

/-806

forming at least one muiltilayer on or in the
magnetic tunnel junction, the at least one
multilayer including Co/Ni/Pt which exhibits
perpendicular magnetic anisotropy

/808

FIG. 8



900

9/9

FIG. 9



