
 
 
 

 
© 2012 American Institute of Physics 

 

 

Influence of Capping Layers on CoFeB Anisotropy and Damping 
 

T. Mewes – The University of Alabama 

et al. 

 

 

Deposited 08/30/2018 

 

 

Citation of published version: 

Natarajarathinam, A., et al. (2012): Influence of Capping Layers on CoFeB Anisotropy and Damping, 
Journal of Applied Physics, 112.  https://doi.org/10.1063/1.4749412 

 

 

 

  

THE UNIVERSITY OF 

ALABAMA University Libraries 



Influence of capping layers on CoFeB anisotropy and damping
A. Natarajarathinam, Z. R. Tadisina, T. Mewes, S. Watts, E. Chen, and S. Gupta

Citation: Journal of Applied Physics 112, 053909 (2012); doi: 10.1063/1.4749412
View online: https://doi.org/10.1063/1.4749412
View Table of Contents: http://aip.scitation.org/toc/jap/112/5
Published by the American Institute of Physics

Articles you may be interested in
Ferromagnetic resonance and damping properties of CoFeB thin films as free layers in MgO-based magnetic
tunnel junctions
Journal of Applied Physics 110, 033910 (2011); 10.1063/1.3615961

Large enhanced perpendicular magnetic anisotropy in CoFeB/MgO system with the typical Ta buffer replaced by
an Hf layer
AIP Advances 2, 032151 (2012); 10.1063/1.4748337

Giant interfacial perpendicular magnetic anisotropy in MgO/CoFe/capping layer structures
Applied Physics Letters 110, 072403 (2017); 10.1063/1.4976517

Spin torque switching of perpendicular -based magnetic tunnel junctions
Applied Physics Letters 98, 022501 (2011); 10.1063/1.3536482

Enhanced interface perpendicular magnetic anisotropy in Ta|CoFeB|MgO using nitrogen doped Ta underlayers
Applied Physics Letters 102, 242405 (2013); 10.1063/1.4811269

Perpendicular-anisotropy CoFeB-MgO magnetic tunnel junctions with a MgO/CoFeB/Ta/CoFeB/MgO recording
structure
Applied Physics Letters 101, 022414 (2012); 10.1063/1.4736727

Ta I CoFeB I MgO 

Al P I Journal of 
Applied Physics SPECIAL TOPICS 

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1389932160/x01/AIP-PT/JAP_ArticleDL_0618/AIP-3106_JAP_Special_Topics_1640x440.jpg/434f71374e315a556e61414141774c75?x
http://aip.scitation.org/author/Natarajarathinam%2C+A
http://aip.scitation.org/author/Tadisina%2C+Z+R
http://aip.scitation.org/author/Mewes%2C+T
http://aip.scitation.org/author/Watts%2C+S
http://aip.scitation.org/author/Chen%2C+E
http://aip.scitation.org/author/Gupta%2C+S
/loi/jap
https://doi.org/10.1063/1.4749412
http://aip.scitation.org/toc/jap/112/5
http://aip.scitation.org/publisher/
http://aip.scitation.org/doi/abs/10.1063/1.3615961
http://aip.scitation.org/doi/abs/10.1063/1.3615961
http://aip.scitation.org/doi/abs/10.1063/1.4748337
http://aip.scitation.org/doi/abs/10.1063/1.4748337
http://aip.scitation.org/doi/abs/10.1063/1.4976517
http://aip.scitation.org/doi/abs/10.1063/1.3536482
http://aip.scitation.org/doi/abs/10.1063/1.4811269
http://aip.scitation.org/doi/abs/10.1063/1.4736727
http://aip.scitation.org/doi/abs/10.1063/1.4736727


Influence of capping layers on CoFeB anisotropy and damping

A. Natarajarathinam,1,2 Z. R. Tadisina,1,3 T. Mewes,1,4 S. Watts,5 E. Chen,5 and S. Gupta1,3

1Center for Materials for Information Technology (MINT Center), The University of Alabama, Tuscaloosa,
Alabama 35487, USA
2Department of Electrical and Computer Engineering, The University of Alabama, Tuscaloosa,
Alabama 35487, USA
3Department of Metallurgical and Materials Engineering, The University of Alabama, Tuscaloosa,
Alabama 35487, USA
4Department of Physics and Astronomy, The University of Alabama, Tuscaloosa, Alabama 35487, USA
5Grandis Inc., Milpitas, California 95035, USA

(Received 27 February 2012; accepted 9 August 2012; published online 5 September 2012)

Magnetic behavior of CoFeB at various thicknesses ranging from 2 nm to 8 nm capped with different

materials, such as MgO, Ta, Ru, and V have been studied. The films were sputter-deposited and

subsequently characterized by magnetometry and broadband ferromagnetic resonance (FMR). There

are magnetically dead layers at the interface observed with Ru and Ta capping layers, while MgO

and V have almost no effect on the magnetization of the CoFeB. As the ferromagnetic layer is made

thinner, the effective magnetization decreases, indicating an interfacial perpendicular anisotropy.

Particularly in the case of MgO, V/Ru, and V/Ta capping layers, interfacial perpendicular anisotropy

is induced in CoFeB, and the Gilbert damping parameter is also reduced. The origin of this

perpendicular magnetic anisotropy (PMA) is understood to be caused by the interface anisotropy

between the free layer and the capping layer. The effect of post-deposition annealing and CoFeB

thickness on the anisotropy and damping of V/Ta capped samples are reported. Doping CoFeB with

vanadium (V) greatly reduced the 4pMs and 4pMeff values, resulting in an effective increase in the

PMA. VC 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4749412]

I. INTRODUCTION

Magnetic tunnel junctions with spin transfer torque have

attracted much interest recently in the field of nonvolatile

memory devices. The concept of “spin transfer” was proposed

independently by Slonczewski et al.1 and Berger et al.2 Spin

transfer torque switched memory (STT-RAM) is attractive

because of high thermal stability, nonvolatility, energy-

efficiency in writing, low switching current for incorporating

with CMOS transistors for a reliable memory device.3,4 STT-

RAM gained popularity over MRAM because of its potential

to have lower switching currents. At very small device scales,

the spin-polarized current can transfer its spin angular mo-

mentum to the magnetic element, thus providing reliable

switching at low currents. Achieving low switching current

density (�2 MA/cm2) with high thermal stability at dimen-

sions of about 25 nm is a great challenge. Theoretically, a

giant MR ratio is expected only in epitaxial MTJ’s such as

FeCo (001)/MgO (001)/FeCo (001) with coherent tunneling

of highly spin polarized electrons.5–7 A strong fourfold sym-

metry at the barrier/ferromagnetic layer interface is essential

to produce a giant TMR effect. However, giant TMR effect

was also observed when the MgO barrier layer is sandwiched

between amorphous CoFeB electrodes.8,9

The MR ratio is also sensitive to the cap layer deposited

on the top CoFeB electrode layer. Studies on boron diffusion

into the capping layers and induced interfacial perpendicular

anisotropies have also been reported.10–14 The interest in the

effect of capping on the free layer originated from reports15

that cap layers influence the crystallization of the CoFeB free

layer through diffusion of the B into the cap, as well as induce

a perpendicular magnetic anisotropy in the free layer.16,17

Different cap layers affect in different ways the diffusion of

the B from the free layer. Various reports detail investigation

of the crystallization of CoFeB, B diffusion into capping

layers, and induced interfacial perpendicular anisotropy.16,17

We have investigated the effect of different capping

layers on the effective magnetization (Heff) of the CoFeB

free layer. To this end, we have studied the perpendicular an-

isotropy in the CoFeB free layer, which is induced by inter-

face anisotropy between the CoFeB and different cap layers.

This induced perpendicular anisotropy acts opposite to the

demagnetizing fields, which tend to keep the magnetization

in the plane of the film, thereby decreasing the critical cur-

rent density for switching. This is an alternative exciting

approach to fully perpendicular MTJ’s using multilayers,

L10 materials, or amorphous RE-TM materials, for which it

is much more difficult to achieve high TMR ratios than for

in-plane devices.18

II. EXPERIMENTS

Depositions were carried out on an SFI Shamrock sput-

ter deposition system at a base pressure of 8� 10�8 Torr

with deposition powers ranging from 250 to 450 W. Deposi-

tion pressures were held at 2 mTorr. Two different composi-

tions of CoFeB, Co40Fe40B20 (A), and Co31.5Fe58.5B10 (B)

were investigated. Initially, four different thicknesses of the

above-mentioned two compositions of CoFeB ranging from

2 nm to 8 nm of the form Si/SiO2/Ta5/MgO2/CoFeB(x)/cap

layer/Ta were deposited with Ta, Ru, MgO, MgO/Ru, and V

capping layers. All layers were capped with Ta to prevent
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oxidation of the CoFeB. The samples were characterized for

their magnetic properties using a Princeton Scientific alter-

nating gradient magnetometer (AGM) and a Quantum

Design SQUID magnetometer. The damping parameter a
and effective magnetization were measured with the help of

an in-house-built fully automated broadband low tempera-

ture ferromagnetic resonance (FMR) setup.

III. RESULTS AND DISCUSSIONS

A. Effective magnetization

Ferromagnetic resonance was performed on all the sam-

ples with the magnetic field applied in the plane of the sample.

Values for the effective magnetization 4pMeff values are

obtained by fitting frequency vs. applied field data to the Kit-

tel formula,19 which can be determined by solving the LLG

equation in the low precession angle limit. The solution with

respect to in-plane and perpendicular external field is given by

x ¼ c
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðHres þ HkÞðHres þ Hk þ 4pMef f Þ

q
;

where c is the magneto-mechanical ratio for an electron spin

and x is the resonance frequency. From Fig. 1, it is observed

that as the thickness of the CoFeB increases from 2 to 8 nm

the 4pMeff increases. The decrease in the Meff value with

thinner CoFeB can be attributed to the surface anisotropy

effect between CoFeB and the cap layer, which tends to pull

the CoFeB perpendicular.

B. Damping parameter

The Gilbert damping parameter a is obtained by fitting

the measured frequency dependence of the linewidth DH to

the following formula:20

DH ¼ DH0 þ
2ffiffiffi
3
p a

c
x:

As the thickness of CoFeB decreases, the damping pa-

rameter a increases. While the inhomogeneous contribution

to the linewidth can be an important factor to determine the

overall loss we found that for all samples investigated here

DH0 was less than 100 Oe.

Fig. 2 indicates that damping did not vary much between

different cap layers. The damping of Co31.5Fe58.5B10 (B) is

generally found to be much lower than that of Co40Fe40B20

(A). Co31.5Fe58.5B10 (B) has Gilbert damping values as low as

0.0035, close to other low damping materials such as CoFeGe

with 30% Ge,21 Fe73V27,22 and the Heusler NiMnSb.23

C. Magnetic “dead” layer

In order to determine the extent of a magnetically

“dead” layer in these samples, Mst vs. t data are plotted as

shown in Fig. 3. The intercept with the thickness axis of a

straight line through the experimental data gives the “dead”

layer thickness, whereas the slope gives the saturation mag-

netization of the film. The “dead” layer of Co40Fe40B20 (A)

with MgO cap is 0.1 nm, Ru cap is 0.4 nm, and Ta cap is

0.7 nm. For Co31.5Fe58.5B10 (B), the deadlayer for the MgO,

MgO/Ru cap is about 0.2–0.4 nm. The V capping layer yields

an anomalous positive intercept as-deposited, which may be

FIG. 1. 4pMeff values for various tCoFeB for various caps.

FIG. 2. Damping parameter (a) values as a function of tCoFeB for different

capping layers.

FIG. 3. Mst values for various tCoFeB for various caps.
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caused by measurement error. However, after annealing, the

behavior of this capping layer is very similar to that of MgO.

D. Kut and ks determination

The perpendicular anisotropy Ku
24–26 can be determined

by

4pMef f ¼ 4pMS � HK?;

where the perpendicular anisotropy field is HK? ¼ 2ks

MSt.

Thus, 4pMef f ¼ 4pMS � HK? ¼ 4pMS � 2ks

MSt : ks are the

total surface anisotropy energy per unit area of a magnetic

layer, and it includes contribution from both interfaces.

Based on these expressions, we can write

Kut ¼ Kvtþ ks;

where Kut, the effective magnetic anisotropy, is a sum of vol-

ume and surface contributions and Kvt ¼ Kbt� 2pMs
2t. But,

with our Ms and Meff values, the Kut will be obtained using

Kut ¼ 1

2
�Msef f �Mst;

and from the plot of Kut versus Mst, ks values are easily

gained from the intercept.

Fig. 4 shows a summary of results on the as-deposited

samples of the two compositions of CoFeB (A and B) with

MgO, Ru, and Ta caps. It is evident from the DL plot that Ta

sputtered on top of CoFeB does significant damage to sur-

face as deposited, but does not otherwise degrade the mag-

netization. Even the as deposited MgO on both CoFeB (A

and B) interfaces induces a large surface anisotropy, which

is three times larger than for Ta cap. Whereas Ru as depos-

ited results in surface anisotropy, which is two times than

that of Ta, however, is known to damage TMR.

Fig. 5 shows a summary of results on as-dep and

annealed samples of CoFeB (B). For Co31.5Fe58.5B10 (B), the

MgO, MgO/Ru, and V caps all gave ks¼ 1.6 erg/cm2 (as

dep) and 2–2.5 erg/cm2 (annealed) closely followed by the V

cap. For Co40Fe40B20 (A), ks for the MgO cap is slightly

smaller than for Co31.5Fe58.5B10 (B), Ru is �1 erg/cm2, and

Ta is 0.5 erg/cm2. In all the above discussed caps ks

2
is calcu-

lated and the effective single-interface contribution is under-

stood that the V and MgO caps are the best caps in inducing

surface anisotropy.

E. Effect of annealing on perpendicular magnetic
anisotropy

Perpendicular magnetic anisotropy (PMA) is defined as

PMA% ¼ 4pMs � 4pMef f

4pMs

� �
� 100:

Samples with 2 nm CoFeB thickness with various caps

have been annealed under three conditions: 220 �C and

350 �C anneal in a furnace annealer for 1 and 2 h, respec-

tively, and 450 �C in-situ rapid thermal anneal for 5 min.

FIG. 4. Comparison of Ms, deadlayer (DL), and ks values of as-deposited

samples of CoFeB (A and B).

FIG. 5. Comparison of Ms, deadlayer (DL), and ks values of as-deposited

and annealed samples of CoFeB (B).

FIG. 6. Effect of annealing on PMA% vs. tCoFeB of 2 nm with different caps.
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From Fig. 5, it is evident that CoFeB with Ru capping has

consistent PMA% at all the annealing conditions, whereas

with MgO and other capping materials, there is greater sensi-

tivity to annealing conditions (Fig. 6). This indicates that the

interdiffusion of cap materials is temperature dependent.

Most vanadium capped samples showed a significant

increase in PMA with annealing.

IV. CONCLUSIONS

In summary, free layer engineering and thorough charac-

terization of its properties are critical for STT-RAM design.

We investigated an exciting new scheme for increasing ther-

mal stability (D) and reducing critical current(Ic). Induced

interfacial perpendicular anisotropy was successfully induced

in CoFeB using four different capping layers. High interfacial

anisotropy coupled with low a (as-deposited and after anneal-

ing) with a V/Ta capping layer has been found.
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