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We study the dependence of anisotropy and damping in MgO/Co–Fe–B/Ta/Co–Fe–B/MgO films on annealing temperature and
Co–Fe–B composition by vector network analyzer ferromagnetic resonance. The effective areal magnetic anisotropy Keff · teff and
Gilbert damping α in samples with Co40Fe40B20 were found to be constant for 240 °C and 300 °C annealing. As the annealing
temperature is increased to 350 °C, both Keff · teff and α decrease. Increasing the Fe content in the Co–Fe–B layer to 60% increases
its saturation magnetization, but the resulting increase in demagnetization energy is counteracted by the improvement in interfacial
anisotropy. Fe-rich layers also exhibit lower α, although the difference in α is not observed for effective Co–Fe–B thickness less
than 1.5 nm—the thickness regime where the largest increase in Keff · teff occurs.

8 Index Terms— Ferromagnetic resonance, magnetic damping, perpendicular magnetic anisotropy (PMA), thin films.

I. INTRODUCTION9

Co–Fe–B/MgO systems have been extensively studied for10

use in magnetic tunnel junctions (MTJs), which are11

expected to enable technologies, such as spin-transfer torque12

magnetoresistive random access memory (STT-MRAM).13

The interest in structures with Co–Fe–B/MgO arises from its14

perpendicular magnetic anisotropy (PMA), which is necessary15

to further lower the critical current in MTJs, combined with16

its well-established high tunnel magnetoresistance [1], [2].17

While the origin of PMA has often been attributed to the18

Co–Fe–B/MgO interface [3], a Ta layer is usually required to19

be adjacent to Co–Fe–B to induce proper crystallization upon20

annealing [2]. In Ta/Co–Fe–B/MgO structures, the Co–Fe–B21

layer also needs to be ultrathin (typically, less than 1.5 nm)22

to exhibit PMA [1]. The optimum Co–Fe–B thickness is the23

result of the interplay between the demagnetization field and24

the quality of the Co–Fe–B/MgO interface; the latter deterio-25

rates as Ta migrates to the MgO interface—more readily so for26

thinner Co–Fe–B layers and higher annealing temperatures [4].27

Another issue in this system is the direct contact between28

Ta and CoFeB, which leads to a significant influence of spin29

pumping on its dynamic properties [5], [6], acting to increase30

switching current density Jc0, which is directly proportional to31

the damping parameter α. On the other hand, spin pumping is32

suppressed by MgO layers [7]. By straddling the magnetic33

layer with MgO layers on either side and using ultrathin34

Ta layers inserted in Co–Fe–B to aid crystallization (instead35

of Ta seed or capping layers that can be a few nanometer36

thick), low damping can thus be achieved [8]. Moreover, the37

additional MgO interface is expected to yield even stronger38

PMA than single MgO systems [9], making double MgO39

structures interesting for use as free layers in STT-MRAM.40

In this paper, we study the static and magnetic properties of41

double MgO structures as a function of annealing temperature42

Ta and Co–Fe–B composition. We find that increasing the43
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annealing temperature to 350 °C decreases the Gilbert damp- 44

ing parameter α and the effective areal magnetic anisotropy 45

Keff · teff . We also find that samples with Fe-rich Co–Fe–B 46

exhibit higher Keff · teff and lower α. 47

II. EXPERIMENT 48

All samples in this paper are deposited by magnetron AQ:149

sputtering on SiO2 substrates with seed layers of Ta 5/TaN 50

20/Ta 5 in an ultrahigh vacuum environment (all thicknesses 51

are in nanometers). The stack configuration of these dou- 52

ble MgO samples is MgO 3/Co–Fe–B 1/Ta 0.3/Co–Fe–B 53

0.5–1.8/MgO 3. An ultrathin Co–Fe–B layer was deposited 54

below the bottom MgO for good growth of MgO. Films were 55

capped with 15 nm Ta for protection. To study annealing 56

temperature dependence, we postannealed samples with com- 57

position Co40Fe40B20 (at.%) at 240 °C, 300 °C, and 350 °C 58

for 1 h in vacuum. To study composition dependence, we 59

deposited Co20Fe60B20 samples that were then postannealed 60

at 300 °C for 1 h in vacuum. 61

Hysteresis loops were obtained from alternating gradient 62

magnetometry (AGM). Vector network analyzer ferromagnetic 63

resonance (VNA-FMR) measurements were used to obtain 64

α and effective anisotropy field HKeff as per the procedure 65

described in [10] and [11], where the effective magnetization 66

Meff = −HKeff . The effective anisotropy energy Keff can 67

then be calculated as Keff = HKeff MS/2, where MS is the 68

saturation magnetization. Positive (negative) Keff corresponds 69

to perpendicular (in-plane) anisotropy. We note that only one 70

resonance peak is observed within the range of frequencies 71

accessible with our measurement setup (up to 26.5 GHz). All 72

VNA-FMR measurements were performed in the out-of-plane 73

configuration, with applied dc field up to 1.2 T. Representative 74

FMR data are shown in Fig. 1. 75

III. RESULTS AND DISCUSSION 76

A. Effective Anisotropy 77

It is known that a magnetic dead layer exists in 78

Ta/Co–Fe–B/MgO systems [1], [12]. To estimate the thickness 79

of the dead layer tDL in our double MgO samples, we perform 80

a linear fit of the magnetic moment per area versus the 81

nominal thickness tnom to obtain MS from the slope and 82

0018-9464 © 2014 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

Rouelli
Highlight

Rouelli
Callout
[...] static and dynamic magnetic [...]

Rouelli
Callout
OK

Rouelli
Cross-Out

Rouelli
Highlight



IE
EE

Pr
oo

f

2 IEEE TRANSACTIONS ON MAGNETICS

Fig. 1. Representative (a) real and (b) imaginary parts of the transmission
parameter S21 obtained from VNA-FMR measurements of a Co40Fe40B20
sample with nominal thickness of 1.9 nm and annealed at 350 °C. Data is taken
at 13 GHz while a perpendicular dc magnetic field is swept. (c) Field-swept
linewidth and resonance fields for the same sample as a function of frequency.
The lines in (a) and (b) are fits to an expression of dynamic susceptibility,
while those in (c) are fits to the Kittel (black) and linewidth (blue) equations,
as described in [10] and [11].

Fig. 2. (a) Saturation magnetization MS , (b) dead layer thickness tDL,
(c) total interfacial anisotropy Ki , and (d) slope of the linear fit to the
effective areal magnetic anisotropy for different annealing temperatures for
Co40Fe40B20 (filled symbols) and Co20Fe60B20 (open symbols). Calculation
of respective values is described in the text.

tDL from the x-intercept. We find that tDL is constant with83

annealing temperature [Fig. 2(b)], with an average value of84

tDL = 0.23 ± 0.05 nm close to the nominal thickness of the85

Ta insertion layer. Our results are in good agreement with86

those in [12], which reported that tDL in MgO/Co–Fe–B/Ta87

structures is constant for Ta > 150 °C. We also find that MS88

is constant with Ta in the temperature range studied [Fig. 2(a)].89

Having obtained tDL, we can then define an effective thick-90

ness teff = tnom − tDL and calculate Keff · teff . In Fig. 3, we91

show plots of Keff · teff versus teff for samples annealed at92

different Ta . While Keff · teff for samples annealed 240 °C93

and 300 °C mostly overlap, Keff · teff of 350 °C annealed94

samples is noticeably lower, more so as thickness increases.95

For thin Co–Fe–B layers, degradation of the Co–Fe–B/MgO96

interface can be more severe with increasing temperature97

because of Ta diffusing to and reaching the interface [4].98

Fig. 3. Effective areal magnetic anisotropy Keff · teff versus effective
thickness teff for different Co–Fe–B compositions and annealing temperatures.
Lines are fits to the data using (1).

Fig. 4. Out-of-plane AGM loops for Co40Fe40B20 samples with total
nominal Co–Fe–B thickness. (a) tnom = 1.55 nm and (b) tnom = 1.7 nm
annealed at different temperatures.

We would expect a thicker Co–Fe–B layer to impede 99

Ta diffusion, and thus results in a better interface. This inter- 100

face degradation and subsequent improvement with increasing 101

Co–Fe–B thickness can be seen in AGM loops for tnom = 1.55 102

and 1.7 nm (Fig. 4). 103

To understand the decrease of PMA in thicker samples, we 104

fit the linear region of Keff · teff to 105

Keff teff = Ki +
(

Kv − μ0 M2
S

2

)
teff (1) 106

where Ki is the total interfacial anisotropy constant, which 107

considers both Co–Fe–B/MgO interfaces, Kv is the volume 108

anisotropy constant, and the demagnetizing energy is given 109

by the M2
S term. Ki can then be obtained from the y-intercept 110

of the linear fit while the slope has contributions from Kv 111

and MS . We show the fitted values of Ki and the slope in 112

Fig. 2(c) and (d), respectively. The decrease in Keff · teff for 113

Ta = 350 °C (for thicknesses in the linear region) cannot be 114

attributed to a degradation of interfacial anisotropy since Ki 115

does not decrease [Fig. 2(c)]. On the other hand, the slope is 116

noticeably lower (steeper) for Ta = 350 °C [Fig. 2(d)]. If Kv is 117

ignored, as is usually justified because CoFe is cubic, the lower 118

slope would then correspond to an increase in MS , which our 119
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Fig. 5. Damping α versus effective thickness teff for different Co–Fe–B
compositions and annealing temperatures obtained from VNA-FMR measure-
ments.

measurements do not support [Fig. 2(a)]. Therefore, our results120

point to a decrease in Kv at Ta = 350 °C, though the magni-121

tude of Kv remains lower than the demagnetization energy.122

On the other hand, increasing the Fe content of the123

Co–Fe–B layer from 40% to 60% increases the maximum124

Keff · teff by approximately twice, as can be seen in the125

low thickness range of Fig. 3. A fit of the linear region of126

Keff · teff versus teff for the Fe-rich samples to (1) yields127

Ki = 3.8 ± 0.08 mJ/m2. This value is similar, albeit higher128

than double the Ki reported for Ta 5/Co10Fe70B201.3/MgO 3129

in [13]. (Note that Ki calculated in this paper includes two130

Co–Fe–B/MgO interfaces). Possible reasons for this discrep-131

ancy include differences in Co–Fe–B composition, MgO qual-132

ity, and the amount of Ta in the system. In any case, the high133

Ki obtained from Fe-rich samples agrees with the larger value134

of Ki expected from Fe/MgO interfaces versus Co/MgO [3].135

However, Fe-rich samples are not able to sustain PMA at136

a thicker teff than Co40Fe40B20 due in part to its higher137

MS = 1.37 ± 0.07 MA/m. Nevertheless, the higher interface138

anisotropy leads to increased PMA for teff < 1.7 nm.139

B. Damping140

In Fig. 5, we show α versus teff for different compositions141

and Ta . α is seen to decrease with teff for all sample series.142

A decrease of damping with thickness is typical of spin143

pumping [14], but this is not expected from the MgO layers144

sandwiching the magnetic layer [7] and may instead come145

from spin pumping to the Ta interlayer and/or from the146

formation of Co–Fe–B–Ta alloys, which could possess higher147

damping [8].148

For teff < 1.5 nm, all sample series have the same149

α within measurement error. The similarity of α in thin150

Co–Fe–B layers with varying composition agrees with findings151

in [15]. For teff > 1.5 nm, α of 240 °C and 300 °C annealed152

Co40Fe40B20 samples remain similar. On the contrary, 350 °C153

annealed Co40Fe40B20 samples have lower damping values.154

α decreases even faster with thickness for Fe-rich samples.155

Previous reports on Co–Fe alloys do show that damping156

decreases with increasing Fe content, although the decrease157

is much smaller for Fe content >50% [16]. It is possible158

that damping for both compositions studied could converge 159

at the same value for larger thicknesses beyond the range we 160

present here. For instance, 350 °C annealed Co40Fe40B20 and 161

300 °C annealed Co20F60B20 samples have similar values for 162

the teff > 2 nm. 163

The details of crystallization and/or intermixing may also 164

contribute to the decrease of α. Crystallization of CoFeB is 165

associated with the out diffusion of B [17], and decreasing 166

B content is known to decrease α [16]. In this picture, 167

the sharper decrease of α in Fe-rich samples implies that 168

crystallization occurs more readily in Fe-rich samples. Indeed, 169

it has been suggested that Fe has a lower affinity to B than 170

Co [18]. It may then be argued on a similar note that 350 °C 171

annealing of Co40Fe40B20 samples results in better crystal- 172

lization and leads to lower damping. However, crystallization 173

usually comes with an increase in MS , which is not seen here. 174

At this point, the precise mechanism behind the decrease in 175

damping is not clear and merits further investigation. 176

IV. CONCLUSION 177

We have shown that PMA and damping are similar for 178

Co40Fe40B20 double MgO samples annealed at 240 °C and 179

300 °C, but decrease for 350 °C. On the other hand, 180

Co20Fe60B20 samples were found to exhibit higher effec- 181

tive PMA than its Co40Fe40B20 counterpart below a critical 182

thickness. Moreover, this improvement in PMA, which stems 183

from higher interfacial anisotropy despite the higher MS , 184

comes without penalty for damping, making this composition 185

desirable for use in double MgO structures as free layers in 186

STT-MRAM. 187
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We study the dependence of anisotropy and damping in MgO/Co–Fe–B/Ta/Co–Fe–B/MgO films on annealing temperature and
Co–Fe–B composition by vector network analyzer ferromagnetic resonance. The effective areal magnetic anisotropy Keff · teff and
Gilbert damping α in samples with Co40Fe40B20 were found to be constant for 240 °C and 300 °C annealing. As the annealing
temperature is increased to 350 °C, both Keff · teff and α decrease. Increasing the Fe content in the Co–Fe–B layer to 60% increases
its saturation magnetization, but the resulting increase in demagnetization energy is counteracted by the improvement in interfacial
anisotropy. Fe-rich layers also exhibit lower α, although the difference in α is not observed for effective Co–Fe–B thickness less
than 1.5 nm—the thickness regime where the largest increase in Keff · teff occurs.

8 Index Terms— Ferromagnetic resonance, magnetic damping, perpendicular magnetic anisotropy (PMA), thin films.

I. INTRODUCTION9

Co–Fe–B/MgO systems have been extensively studied for10

use in magnetic tunnel junctions (MTJs), which are11

expected to enable technologies, such as spin-transfer torque12

magnetoresistive random access memory (STT-MRAM).13

The interest in structures with Co–Fe–B/MgO arises from its14

perpendicular magnetic anisotropy (PMA), which is necessary15

to further lower the critical current in MTJs, combined with16

its well-established high tunnel magnetoresistance [1], [2].17

While the origin of PMA has often been attributed to the18

Co–Fe–B/MgO interface [3], a Ta layer is usually required to19

be adjacent to Co–Fe–B to induce proper crystallization upon20

annealing [2]. In Ta/Co–Fe–B/MgO structures, the Co–Fe–B21

layer also needs to be ultrathin (typically, less than 1.5 nm)22

to exhibit PMA [1]. The optimum Co–Fe–B thickness is the23

result of the interplay between the demagnetization field and24

the quality of the Co–Fe–B/MgO interface; the latter deterio-25

rates as Ta migrates to the MgO interface—more readily so for26

thinner Co–Fe–B layers and higher annealing temperatures [4].27

Another issue in this system is the direct contact between28

Ta and CoFeB, which leads to a significant influence of spin29

pumping on its dynamic properties [5], [6], acting to increase30

switching current density Jc0, which is directly proportional to31

the damping parameter α. On the other hand, spin pumping is32

suppressed by MgO layers [7]. By straddling the magnetic33

layer with MgO layers on either side and using ultrathin34

Ta layers inserted in Co–Fe–B to aid crystallization (instead35

of Ta seed or capping layers that can be a few nanometer36

thick), low damping can thus be achieved [8]. Moreover, the37

additional MgO interface is expected to yield even stronger38

PMA than single MgO systems [9], making double MgO39

structures interesting for use as free layers in STT-MRAM.40

In this paper, we study the static and magnetic properties of41

double MgO structures as a function of annealing temperature42

Ta and Co–Fe–B composition. We find that increasing the43
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annealing temperature to 350 °C decreases the Gilbert damp- 44

ing parameter α and the effective areal magnetic anisotropy 45

Keff · teff . We also find that samples with Fe-rich Co–Fe–B 46

exhibit higher Keff · teff and lower α. 47

II. EXPERIMENT 48

All samples in this paper are deposited by magnetron AQ:149

sputtering on SiO2 substrates with seed layers of Ta 5/TaN 50

20/Ta 5 in an ultrahigh vacuum environment (all thicknesses 51

are in nanometers). The stack configuration of these dou- 52

ble MgO samples is MgO 3/Co–Fe–B 1/Ta 0.3/Co–Fe–B 53

0.5–1.8/MgO 3. An ultrathin Co–Fe–B layer was deposited 54

below the bottom MgO for good growth of MgO. Films were 55

capped with 15 nm Ta for protection. To study annealing 56

temperature dependence, we postannealed samples with com- 57

position Co40Fe40B20 (at.%) at 240 °C, 300 °C, and 350 °C 58

for 1 h in vacuum. To study composition dependence, we 59

deposited Co20Fe60B20 samples that were then postannealed 60

at 300 °C for 1 h in vacuum. 61

Hysteresis loops were obtained from alternating gradient 62

magnetometry (AGM). Vector network analyzer ferromagnetic 63

resonance (VNA-FMR) measurements were used to obtain 64

α and effective anisotropy field HKeff as per the procedure 65

described in [10] and [11], where the effective magnetization 66

Meff = −HKeff . The effective anisotropy energy Keff can 67

then be calculated as Keff = HKeff MS/2, where MS is the 68

saturation magnetization. Positive (negative) Keff corresponds 69

to perpendicular (in-plane) anisotropy. We note that only one 70

resonance peak is observed within the range of frequencies 71

accessible with our measurement setup (up to 26.5 GHz). All 72

VNA-FMR measurements were performed in the out-of-plane 73

configuration, with applied dc field up to 1.2 T. Representative 74

FMR data are shown in Fig. 1. 75

III. RESULTS AND DISCUSSION 76

A. Effective Anisotropy 77

It is known that a magnetic dead layer exists in 78

Ta/Co–Fe–B/MgO systems [1], [12]. To estimate the thickness 79

of the dead layer tDL in our double MgO samples, we perform 80

a linear fit of the magnetic moment per area versus the 81

nominal thickness tnom to obtain MS from the slope and 82
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Fig. 1. Representative (a) real and (b) imaginary parts of the transmission
parameter S21 obtained from VNA-FMR measurements of a Co40Fe40B20
sample with nominal thickness of 1.9 nm and annealed at 350 °C. Data is taken
at 13 GHz while a perpendicular dc magnetic field is swept. (c) Field-swept
linewidth and resonance fields for the same sample as a function of frequency.
The lines in (a) and (b) are fits to an expression of dynamic susceptibility,
while those in (c) are fits to the Kittel (black) and linewidth (blue) equations,
as described in [10] and [11].

Fig. 2. (a) Saturation magnetization MS , (b) dead layer thickness tDL,
(c) total interfacial anisotropy Ki , and (d) slope of the linear fit to the
effective areal magnetic anisotropy for different annealing temperatures for
Co40Fe40B20 (filled symbols) and Co20Fe60B20 (open symbols). Calculation
of respective values is described in the text.

tDL from the x-intercept. We find that tDL is constant with83

annealing temperature [Fig. 2(b)], with an average value of84

tDL = 0.23 ± 0.05 nm close to the nominal thickness of the85

Ta insertion layer. Our results are in good agreement with86

those in [12], which reported that tDL in MgO/Co–Fe–B/Ta87

structures is constant for Ta > 150 °C. We also find that MS88

is constant with Ta in the temperature range studied [Fig. 2(a)].89

Having obtained tDL, we can then define an effective thick-90

ness teff = tnom − tDL and calculate Keff · teff . In Fig. 3, we91

show plots of Keff · teff versus teff for samples annealed at92

different Ta . While Keff · teff for samples annealed 240 °C93

and 300 °C mostly overlap, Keff · teff of 350 °C annealed94

samples is noticeably lower, more so as thickness increases.95

For thin Co–Fe–B layers, degradation of the Co–Fe–B/MgO96

interface can be more severe with increasing temperature97

because of Ta diffusing to and reaching the interface [4].98

Fig. 3. Effective areal magnetic anisotropy Keff · teff versus effective
thickness teff for different Co–Fe–B compositions and annealing temperatures.
Lines are fits to the data using (1).

Fig. 4. Out-of-plane AGM loops for Co40Fe40B20 samples with total
nominal Co–Fe–B thickness. (a) tnom = 1.55 nm and (b) tnom = 1.7 nm
annealed at different temperatures.

We would expect a thicker Co–Fe–B layer to impede 99

Ta diffusion, and thus results in a better interface. This inter- 100

face degradation and subsequent improvement with increasing 101

Co–Fe–B thickness can be seen in AGM loops for tnom = 1.55 102

and 1.7 nm (Fig. 4). 103

To understand the decrease of PMA in thicker samples, we 104

fit the linear region of Keff · teff to 105

Keff teff = Ki +
(

Kv − μ0 M2
S

2

)
teff (1) 106

where Ki is the total interfacial anisotropy constant, which 107

considers both Co–Fe–B/MgO interfaces, Kv is the volume 108

anisotropy constant, and the demagnetizing energy is given 109

by the M2
S term. Ki can then be obtained from the y-intercept 110

of the linear fit while the slope has contributions from Kv 111

and MS . We show the fitted values of Ki and the slope in 112

Fig. 2(c) and (d), respectively. The decrease in Keff · teff for 113

Ta = 350 °C (for thicknesses in the linear region) cannot be 114

attributed to a degradation of interfacial anisotropy since Ki 115

does not decrease [Fig. 2(c)]. On the other hand, the slope is 116

noticeably lower (steeper) for Ta = 350 °C [Fig. 2(d)]. If Kv is 117

ignored, as is usually justified because CoFe is cubic, the lower 118

slope would then correspond to an increase in MS , which our 119
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Fig. 5. Damping α versus effective thickness teff for different Co–Fe–B
compositions and annealing temperatures obtained from VNA-FMR measure-
ments.

measurements do not support [Fig. 2(a)]. Therefore, our results120

point to a decrease in Kv at Ta = 350 °C, though the magni-121

tude of Kv remains lower than the demagnetization energy.122

On the other hand, increasing the Fe content of the123

Co–Fe–B layer from 40% to 60% increases the maximum124

Keff · teff by approximately twice, as can be seen in the125

low thickness range of Fig. 3. A fit of the linear region of126

Keff · teff versus teff for the Fe-rich samples to (1) yields127

Ki = 3.8 ± 0.08 mJ/m2. This value is similar, albeit higher128

than double the Ki reported for Ta 5/Co10Fe70B201.3/MgO 3129

in [13]. (Note that Ki calculated in this paper includes two130

Co–Fe–B/MgO interfaces). Possible reasons for this discrep-131

ancy include differences in Co–Fe–B composition, MgO qual-132

ity, and the amount of Ta in the system. In any case, the high133

Ki obtained from Fe-rich samples agrees with the larger value134

of Ki expected from Fe/MgO interfaces versus Co/MgO [3].135

However, Fe-rich samples are not able to sustain PMA at136

a thicker teff than Co40Fe40B20 due in part to its higher137

MS = 1.37 ± 0.07 MA/m. Nevertheless, the higher interface138

anisotropy leads to increased PMA for teff < 1.7 nm.139

B. Damping140

In Fig. 5, we show α versus teff for different compositions141

and Ta . α is seen to decrease with teff for all sample series.142

A decrease of damping with thickness is typical of spin143

pumping [14], but this is not expected from the MgO layers144

sandwiching the magnetic layer [7] and may instead come145

from spin pumping to the Ta interlayer and/or from the146

formation of Co–Fe–B–Ta alloys, which could possess higher147

damping [8].148

For teff < 1.5 nm, all sample series have the same149

α within measurement error. The similarity of α in thin150

Co–Fe–B layers with varying composition agrees with findings151

in [15]. For teff > 1.5 nm, α of 240 °C and 300 °C annealed152

Co40Fe40B20 samples remain similar. On the contrary, 350 °C153

annealed Co40Fe40B20 samples have lower damping values.154

α decreases even faster with thickness for Fe-rich samples.155

Previous reports on Co–Fe alloys do show that damping156

decreases with increasing Fe content, although the decrease157

is much smaller for Fe content >50% [16]. It is possible158

that damping for both compositions studied could converge 159

at the same value for larger thicknesses beyond the range we 160

present here. For instance, 350 °C annealed Co40Fe40B20 and 161

300 °C annealed Co20F60B20 samples have similar values for 162

the teff > 2 nm. 163

The details of crystallization and/or intermixing may also 164

contribute to the decrease of α. Crystallization of CoFeB is 165

associated with the out diffusion of B [17], and decreasing 166

B content is known to decrease α [16]. In this picture, 167

the sharper decrease of α in Fe-rich samples implies that 168

crystallization occurs more readily in Fe-rich samples. Indeed, 169

it has been suggested that Fe has a lower affinity to B than 170

Co [18]. It may then be argued on a similar note that 350 °C 171

annealing of Co40Fe40B20 samples results in better crystal- 172

lization and leads to lower damping. However, crystallization 173

usually comes with an increase in MS , which is not seen here. 174

At this point, the precise mechanism behind the decrease in 175

damping is not clear and merits further investigation. 176

IV. CONCLUSION 177

We have shown that PMA and damping are similar for 178

Co40Fe40B20 double MgO samples annealed at 240 °C and 179

300 °C, but decrease for 350 °C. On the other hand, 180

Co20Fe60B20 samples were found to exhibit higher effec- 181

tive PMA than its Co40Fe40B20 counterpart below a critical 182

thickness. Moreover, this improvement in PMA, which stems 183

from higher interfacial anisotropy despite the higher MS , 184

comes without penalty for damping, making this composition 185

desirable for use in double MgO structures as free layers in 186

STT-MRAM. 187
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