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CET and keff calculation

Capacitance equivalent thickness (CET) extracted  

                                                                            (1)

                           = 8.854×10-12F/m*3.9*7.85×10-9m2/1.5×10-10F

                           = 1.8×10-9m

from the low frequency f100Hz(100Hz, as it is close the oxide capacitance) C–V curve was 1.8 

nm for the Ta1-xZrxO on InP. Here kSiO2 is relative permittivity of SiO2, Cox is accumulation 

capacitance per unit area, and ε0 is the free space permittivity [1]. 

The equivalent kTa1-xZrxO value can was calculated as, 

                                                                             (2)

                                       = 3.9*9.2nm/1.8nm

                                       = 19.93    

                 

where Tox is the total physical thickness of the dielectric layer can be attained from TEM image. 

From above relation we have achieved high equivalent dielectric constant value of ~20 of Ta1-

xZrxO nanolaminated dielectric.

1 2
/

x xTa Zr O SiO oxk k T CET




20 /SiO oxCET k C



-2 -1 0 1 2
0.00

0.03

0.06

0.09

0.12

0.15

-2 -1 0 1 2
0.00

0.03

0.06

0.09

0.12

0.15(a)

AnnealedAsDep

 

 

100Hz-100kHz

Ta1-xZrxO/InP

Applied Bias (Vg)Applied Bias (Vg)

Ca
pa

ci
ta

nc
e 

(n
F)

 

 

-2 -1 0 1 2
0.00

0.03

0.06

0.09

0.12

0.15

-2 -1 0 1 2
0.00

0.03

0.06

0.09

0.12

0.15(b)
Annealed

 

 

AsDep

100Hz-100kHz

Ca
pa

ci
ta

nc
e 

(n
F)

Ta1-xZrxO/SiO2/InP

 

 Applied Bias (Vg) Applied Bias (Vg)

Figure S1. Capacitance-voltage characteristics of (a) TaN/Ta1-xZrxO/n-InP MOS capacitor, 

and  (b) TaN/Ta1-xZrxO/ SiO2/n-InP MOS capacitor under as-deposited and annealed (PDA) 

conditions.

     The conductance method has been widely used to calculate accurately reliable Dit 

estimated around midgap, as the trap response is strongly temperature dependent. Another 

criteria for accurate measures of the Dit can be obtained for high-k/III-V interfaces provided 

that the Dit is sufficiently low, for Cox > qDit, where Cox is the accumulation capacitance density 

of the high-k oxide and q the electronic charge[2]. The movement of conductance peaks in the 

contour maps given in the manuscript is a sign of the conduction band bending efficiency as a 



function of applied gate bias [3]. Interface trap density (Dit) as a function of trap energy lavel 

(ΔE) can be calculated with the help of following equations: 

                                                                     (3)

           

                                                                     (4)

                                                         

where q is the electronic charge, A is the area of the capacitor, (Gp/ω)max is maximum peak of 

conductance map, f is the applied frequency, where τ is the characteristic trapping time, σ is the 

trap capture cross section, υth is the carrier thermal velocity, and N is the density of state in the 

conduction band. The conductance peak shift indicates that the n-InP surface potential responds 

efficiently to the gate bias when the Fermi level is located between conduction band edge and 

midgap. 

     The Dit values in upper half bandgap were extracted from the n-type TaN/Ta1-

xZxO/SiO2/InP devices. The Dit value near the conduction band was at 0.27 eV was 4×1012cm-

2eV-1. In case of TaN/Ta1-xZxO/InP interface trap density calculation results show that qDit > 

Cox. In this case this conductance method becomes not sensitive to extract Dit, and the 

calculated values could be overestimated by an order of magnitude [3]. So for without SiO2 

passivation sample we could not calculate the Dit effectively. We also compared the Dit 

characteristics with other published recent data and has been described in Figure S2(b).   

Figure S2. Interface trap distribution of TaN/Ta1-xZrxO/SiO2/n-InP MOS capacitor in the InP 
band gap obtained from the conductance measurement. (b) Comparison of Dit with different 
published data recently.    
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We have calculated the apparent doping profile from high frequency capacitance-voltage (Chf–

Vg) characteristics. The depletion depth (XdHF) and apparent doping (NappHF) as a function of 

applied gate potential (Vg) are expressed as follows [10]: 

                                                                           (5)

                                                                           (6)

where εInP is the InP permittivity, Cox is the gate oxide capacitance/area, q is the electronic 

charge. 

Figure S3. Apparent doping profiles for the n-InP layer from MOS capacitor high frequency 
C–V characteristics.

Our calculated apparent substrate doping was calculated to be approximately 1.5×1017 cm-3, 

which very close to the value supplied from the manufacturing semiconductor company.   
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