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Abstract: Gate capacitance in PMOS is a key parameter for process development, material selection, and device modelling. 

This paper proposes and develops a extraction technique to overcome these shortcomings. Ids–Vgs and Ccx–Vgs are 

simultaneously measured so that the effect of Vd on mobility is inherently taken into account, and the measured mobility 

becomes Vds independent. This allows the measurement time reducing to the order of microseconds and, in turn, 

minimizing the effect of charge trapping. Unlike the standard high-frequency Cox–Vgs, Cox is independent of gate leakage. 

This advantages, together with its easy implementation, should make this technique a simple  tools for process  

development, material selection, and device modelling in future generations of CMOS technology. 
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I. INTRODUCTION 

The gate capacitance and channel mobility (μ ) is an 

important parameter for complementary metal oxide 

semiconductor (CMOS) technologies. Although saturation 

velocity is used for short-channel devices under high drain 

bias [1], effective mobility is widely used for benchmarking 

different devices in technology development and material 

selection [2], [3]. In addition, capacitances and  mobility is a 

key parameters for device modelling [4]. The reduction in 

operation bias and doping can also lead to lower field for 

future CMOS technologies. As a result, accurate extraction 

of capacitance and mobility is essential. Conventionally, 

effective mobility is extracted by measuring the inversion 

charge per unit area [5]–[7]. The drain side from the Ids–Vgs 

measurement [8], [9], and a nonzero bias must be applied to 

the drain, typically in the range of 25–100 mV [7]–[13]. This 

Vds reduces the voltage difference between the gate and the 

channel when moving toward the drain, leading to a non 

uniform charge distribution. When Qi is determined from the 

split C–V technique, however, both the source and the drain 

are grounded, and the channel is uniform. As a result, the Qi 

measured by the conventional C–V is higher than the 

inversion charges for Ich, leading to an underestimation of 

mobility [14]–[18]. Since capacitance mobility is an 

important parameter for technology development and circuit 

simulation, impact from Vds must be corrected. Efforts have 

been made to take into account Vds impact on mobility 

evaluation [14]–[19]. Huang et al. [14] measured the gate-to-

source capacitance values separate biasing the source and 

the substrate to achieve the same conditions as those for 

measuring Ich.  [15] averaged two Cox measured with and  

 

 

without substrate bias. Liu et al. [19] suggested to correct 

mobility either by mathematical extrapolation based on a 

nonzero drain bias condition or by averaging Ich measured 

under two Vds with opposite polarities. Thomas et al. [16] 

performed a linear regression to obtain the limiting value of 

dId/dVg at Vd =0 V. Corrections have been also made 

through analysis and modelling [17], [18].  

. 

II. STRUCTURE 

 

 

FIGURE-1: STUCTURE OF MOSFET 

 

Figure-1 is the structure of the P-type MOSFET transistor 

which has oxide thickness (tox) 30nm, intrinsic concentration 

(Ni)1.4*10
10

cm
-3

, Impurity atoms (Na)2*10
15

,width of the 
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channel (W) 3µm, channel length(L)1µm,and the threshold 

voltage (Vt) is the 0.75v. 
 

III. ANALYTICAL ANALYSIS 

The analysis of P-type MOSFET in different ways have 

done and many articles published such as   [17], [19]. The 

extraction technique of capacitance method is slightly more 

complicated than the  conventional approach, it gives very 

accurate Qi at different VDS, which cannot be easily achieved 

using the conventional approach. Based on this technique, 

the capacitance Cox is obtained by directly adding source-

to-gate (Csg) and drain-to-gate (Cdg) capacitances using the 

following expression: 

 

Cox = ∂Q i
∂V gs

                                     1 

 

Cox = ∂Q i
∂V gs

+ ∂Q v
∂V gs

                          2 

Cox= Csg + Cds  

 

The advantage of this method is that both capacitances can 

be measured independently with appropriate drain bias 

applied. Since the MOS transistors are symmetric, the source 

and drain terminals and interchangeable. Charge model [21] 

one can estimate the voltage 

  

Qi = COX (VGS − VFB − ψ
S
− γ ψ

S
)         3 

 

Where 

ψ
S

= 2ψ
F

+ Φ(y)                                      4 

 

ψ
F

=
kT

q
log⁡(

NA

N i
)                                         5 

 

γ =
 2εS qNA

COX
                                                6 

  

In (4)-(6) ψ
S
, is the surface potential, ψ

F
 is the Fermi 

potential, and 𝜱(y) is the potential along the inversion 

channel region. The average voltage shift be estimated using 

the following expression by assuming that 𝛙S varies linearly 

in the channel region from 2𝛙F to 

 

2𝛙F+VDS 

ΔV =
VDS +γ ψS +VDS − 2ψF

2
                      7 

 

Assuming N, = 1.45 x 1010 c m -3  NA, = 3 X 10
16

 cm
-3

, 

and to, = 30 nm, one obtains ΔV = 74 mV which is 

consistent with the value obtained from conventional and. In 

accordance with the data presented above, we conclude that 

the inversion charge is indeed a strong function of the gate 

and drain biases, and any slight variation of VDS can 

significantly reduce the inversion charge which due to 

measurement.  

III RESULT AND DISCUSSION 

 

 
 

Figure2: Cox-Vgs relationship for different  mobilty 

Figure2 is the variation between gate capacitance and 

applied gate to source voltage of the p-type MOSFET here it 

is clear that  when gate to source voltage is negative, its 

capacitance is big and it is reduced when positive voltages 

increases. 

 

 
 

Figure3: Relationship between the gate capacitance 
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Figure3 shown here that the variation of gate capacitance 

with channel length of the purposed device. When channel 

length  is small the capacitance is also small because the 

length of the channel is directly proportional to the 

capacitance of the device, And increasing the length of the 

channel the capacitance increases with non linearly.   

 

 
 

Figure4:Relation between drain current (Ids) and  gate to 

source voltage (Vgs) 

 

Figure4 here shown that Ids- Vds relationship. For P-type 

MOSFET current is large only when the negative voltage at 

the gate to source would be large i.e. Drain current would be 

decreased non linearly when negativity be decreased. 

 

 

 
Figure5: Ids-Vds characteristics of P-type MOSFET 

 

Figure5 shown here the current voltage characteristics of the 

purposed device for the different gate to sources voltages. 

The drain current increases non linearly with drain to source 

voltage.   

IV. CONCLUSION 

The extraction  techniques for evaluating gate capacitance of 

the device to fast switching. In this paper, technique has 

been proposed and analyzed the structure for the objectives 

and developed to obtain  speed of device and the 

simultaneous measurement of Ids–Vgs and Cox–Vgs.  
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