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Figure S1 and S2 show angle dependent Vsym. (Vasym) components for the samples BB3-BB10. 

Experimental data is represented by solid circles. The data was fitted using equations (2) and 

(3), which is represented by solid lines.

Fig. S1 A (B) and C (D) presents the angle dependent Vsym. (Vasym) components for samples 

BB3 and BB4, respectively. Circles and solid lines are experimental data and best fits using 

equation (2) and (3), respectively.



Fig. S2 A (B) and C (D) presents the angle dependent Vsym. (Vasym) components for samples 

BB7 and BB10, respectively. Circles and solid lines are experimental data and best fits using 

equation (2) and (3), respectively.

Figure S3 shows frequency dependent resonance field Hres and line width H for the sample 

Si/native SiO2/CoFeB (5 nm)/TaOx (2 nm). Open symbols are experimental data and solid lines 

are the best fits using equation (4) and (5). The value of damping constant (  for CoFeB 𝛼𝐶𝑜𝐹𝑒𝐵)

single layer is found to be 0.0066 ± 0.0001. 



Fig. S3 Frequency (f) dependence of A. Hres and B. H for CoFeB (5 nm)/TaOx (2 nm). 

Solid symbols are experimental data, while solid lines are best fit using equation (4) and 

(5) in A and B, respectively.

In order to understand the two magnon scattering (TMS) contribution in our samples , if any, 

in the linewidth (H), we have performed polar angle (P) dependence FMR measurements at 

excitation frequency f = 6.5 GHz. FMR spectra was fitted to Lorentzian function to evaluate 

H. Figure S4 shows the H versus P data. It is observed that H is increasing up to P = 90 

monotonically. It is noted that P = 90 means magnetic field is applied perpendicular to the 
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Fig. S4 Polar angle (P) dependence of line width (H) measured at f = 6.5 GHz for the 

sample BB20. 



sample plane. It is well known that at P = 90 TMS will be zero (1, 2). Therefore, if there is 

any contribution of TMS, the value of H should decrease in comparison to in-plane magnetic 

field (P = 0). However, in our sample it is monotonically increasing with P. Therefore, it is 

concluded that TMS is not having any measurable contribution in the H and hence in effective 

damping constant ( ). It has been reported that TMS contribution is only significant when 𝛼𝑒𝑓𝑓

thickness of CoFeB is 1-2 nm (2). It is diminished for the 4 nm thick CoFeB layer. Therefore, 

it may be the reason in our case since our samples are having 5 nm thick CoFeB.

10-1

103

107

10-1

103

107

10-1

103

107

102

106

1 2 3 4 5 6 7 8100

104

108

BB3Experimental data
 Fit

BB5

BB7

In
te

ns
ity

 (a
rb

. u
ni

ts
)

BB10

2  

BB20

Fig. S5 X-ray reflectivity of the samples BB3-BB20. Circles and solid lines are experimental 

data and best fits, respectively.

 In order to understand the interface quality, we have performed x-ray reflectivity (XRR) 

measurements, which are shown in Fig. S5. Experimental data were fitted using X’Pert 



reflectivity software, which is shown by solid lines. From the best fits, we have observed 

Bi2Se3-CoFeB interface roughness 0.7 ± 0.02, 0.8 ± 0.02, 1.2 ± 0.03, 1.2 ± 0.03, and 0.8 ± 0.02, 

for the samples BB3-BB20, respectively.

It is noted that thermal effects may also cause to produce a voltage due to spin Seebeck, Nernst, 

and anomalous Nernst effect, which may contaminate spin pumping voltage (3). In order to 

quantify voltages generated due to thermal effects, we have prepared two samples S1#Si/Bi2Se3 

(10 nm)/MgO (2 nm)/CoFeB (5 nm)/TaOx (2 nm), and S2#Si/Bi2Se3 (10 nm)/CoFeB (5 

nm)/TaOx (2 nm), where MgO is used as a barrier for spin current. If thermal effects are 

dominating, then one should obtain similar strength of voltage signal in both the samples. We 

have performed inverse spin Hall effect (ISHE) measurements on both the samples and data is 

shown in the Figure S6. Experimental data was fitted to equation (1) of the manuscript to obtain 

Vsym and Vasym components. Table S1 shows the Vsym and Vasym components for the samples S1 

and S2. 

Fig. S6 ISHE measurements of the samples S1 and S2. Symbols and solid lines represent 

experimental data and Lorentzian fits, respectively.



Table S1 Vsym and Vasym components of the samples S1 and S2.

Sample Vsym (V) Vasym (V)
S1 0.74 0.67
S2 1.86 0.80

It can be observed that Vsym is much higher in sample S2 compared to S1. It indicates that spin 

pumping in sample S1 is blocked by MgO barrier and hence voltage decreases. If thermal 

effects are dominated, the strength of signal should not be decreased by 50%. Therefore, we 

can conclude that thermal effects are negligibly small in all the samples.

Further, intermixing may also affect the spin to charge conversion by enhancing damping 

constant (). The value of  directly affects spin mixing conductance ( ) and hence spin to 𝑔↑↓
𝑒𝑓𝑓

charge conversion efficiency. In order to understand this we have prepared a new sample 

S3#Si/Bi2Se3 (10 nm)/Cu (5 nm)/CoFeB (5 nm)/TaOx (2 nm), where Cu is used due to large 

spin diffusion length. A 5 nm thick Cu layer can avoid any interface mixing or roughness 

effects on damping. It is noted here that we have chosen 10 nm Bi2Se3 because it shows high 

Bi2Se3 - CoFeB interface roughness (sample BB10 of the manuscript). We have performed 

measurements of damping properties of both the samples. Figure S7(a) and (b) show frequency 

dependent Hres and H, respectively. Experimental data was fitted to the equation (4) and (6) 

in order to evaluate the value of . The value of  was found to be 0.0139 ± 0.0001. This value 

is much smaller than sample BB10 (0.0279 ± 0.0001). It clearly indicates that there is an 

interface effect which increases the value of . Therefore, we can calculate the interface 

induced increase in  (int) by the following expression:

int =  (BB10) -  (S3). = 0.014 ± 0.0002



Fig. S7 f dependence of Hres (a) and H (b) for sample S3.  Solid symbols are experimental 

data, while solid lines are best fits using equations (4) and (6) of the manuscript in (a) and 

(b), respectively.

By assuming that similar nature of interface effect in all the samples, we have subtracted int 

from all the samples i.e. BB3- BB20. 
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