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Abstract—The temperature behavior that influential to the 

electron mobility on top surface in 14 nanometer FinFET 

channel. The Mobility could find on I-V characterizing 

simulation process and giving the result from the TCAD 

software by biasing on the FinFET structure with gate voltage 

at 1 volt and the drain-source voltage from 0 Volt to 1 Volt to 

obtain the saturation drain current from I-V characteristic.  

The Electron mobility was lowering by increasing the 

temperature from 303K (30°C) to 353K (80°C). This FinFET 

structure gave the IDS (Sat) about 29 µA and gave mobility at VDS 

= 0 Volt about 575 cm
2
/Vs, at VDS = 1 Volt, the mobility 

dramatically down to 3.4 cm
2
/Vs. 

 
Index Terms—FinFET, Electron Mobility, Device 

Simulation, Temperature Effect 

I. INTRODUCTION 

he device that brings solution to be a good smaller 

transistor in present, SOI Tri-gate FET. One kind of 

MOS structure consisted of silicon fin on silicon layers 

on top of BOX (buried oxide). It is a popular device in terms 

of research and commercial but, on them operate the 

temperature is a main parameter that forward to know 

mechanism of electron. There are two parameters as the 

electron concentration and the carrier mobility. Those two 

parameters have directly relationship because they have base 

of temperature. The solution to enhance the mobility of 

electron could be controlled by two parameters; the gate 

voltage and the temperature. While the gate voltage is 

enough and temperature has low, electron mobility will 

increased but when temperature has increased electron 

mobility will go down [1]. The parasitic resistance 

improving is the main condition that provided the good 

characteristics to devices including the mobility between the 

electron and hole [2]. This brings author interested to the 

mobility of the electron on top of channel in Tri-gate n-

FinFET device by using the simulation method for studying 

the temperature effect of device structure to improve the 

research and reference the new experiment in the future. 
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II. THEORY 

A. Drain current saturation  

The relationship between drain current and voltage (I-V), 

there is two states of this characteristic as linear and 

saturation. The drain current saturation was coming with 

linear part of threshold voltage that bring ID from linear 

situations to saturation state and this current will not change 

by the gate voltage. The saturation drain current (ID (Sat)) can 

solve by (1) [3]: 
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1 , µ is electron mobility, Cox is gate oxide 

capacitance (F/nm), Vds is drain-source voltage (V), Vgs is 

gate voltage (V), Wg is FinFET gate width(nm), Lg is 

FinFET gate length (nm). 

 

B. Electron mobility  

The electron start moving by the applied of electrical 

field the mobility can calculate with (2) [4]: 
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E is magnitude of electric field (V/m-1), Vd is drift 

velocity (V/cm). 

 

III. DEVICE STRUCTURE SIMULATION 

The GTS framework by Global TCAD Solution [5] has 

used in this research. This software could be creating many 

kind of semiconductor devices but outstanding on MOS 

structure. The 14 nm n-FinFET was created by structure 

tool. It has 10 nanometer silicon layer thicknesses, 5 

nanometer fin width with 90 nanometer on p-type silicon 

substrate and 14 nanometer gate length with 1 nanometer 

gate 1x1015 cm-3 n-dopant concentration and 3x1020 cm-3 on 

drain-source. The junction depth is about 1 nanometer. The 

gate electrode poly-silicon, drain and source electrodes were 

aluminum.    
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IV. EXPERIMENT 

This paper has two parts of experiment. The first part is 

devices structure design by using the structure tool of 

software to create the structure and determine dopant 

concentration. The other one is device characteristics 

simulation. The current and voltage characteristics (I-V) 

giving by biasing to the structures by determining VDS from 

0 to 1 volt with 0.1 volt per step and VGS at 1 volt to provide 

the relationship between electron mobility and structure 

temperature from 303K (30°C) to 353K (80°C) by increase 

10K (10°C) per step. This relationship can give from I-V 

characteristic. 

V. RESULTS AND DISCUSSION 

A. The tri-gate n-FinFET structure 

 

 
Fig. 1 (a) 

 

 
Fig. 1 (b) 

 

Fig. 1 (a) tri-gate n-FinFET structure side view (b) cross 

section  
 

Fig. 1 is the device structure and determined dopant 

concentration on device simulation structure topic. The 

FinFET structures consist of bulk contact, substrate, BOX, 

Si-layer, gate oxide (SiO2), gate contact (Poly-Si) and drain 

source contact (Al). 
 

B. I-V characteristic 

This characteristic obtains the output current of tri-gate 

FinFET that control by gate voltage and drain-source 

voltage in case of difference temperature. This characteristic 

on six temperatures was shown in fig. 2. 
 

 
 

Fig. 2 I-V characteristics of FinFET with temperatures 

 

In fig. 2, the saturation drain current value is the most 

significant attribute that giving the effect from increasing of 

temperature. This structure can give maximum current but 

average of this result has not slightly decrease.  

 

C. Saturation drain current and temperatures  

 

 
 

Fig. 3 Relationship between saturation drain current and 

temperatures 

 

Influence of temperature taking effect on I-V 

characteristic is shown in fig. 2. The saturation drain current 

steadily decreased by the increasing of temperature from 

303K to 353K. I-V characteristic result obtains the 

saturation drain current about 29 µA is shown in fig. 3.  

 

D. Electron Mobility mechanism  

 
 

 
 

Fig. 4 (a) 
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Fig. 4 (b) 
 

Fig. 4 Electron mobility on top of channel (a) VDS = 0 V (b) 

VDS = 1 V at 303K structure temperature 

 

Fig. 4(a) is the top view of FinFET structure.  When 

giving gate voltage at 0 V, the electron mobility has higher 

on the middle top of the channel and lowering on the left 

and right.   The result after biasing, the mobility was 

dramatically lowering because the electric field magnitude 

was increased and took a little left shift to drain area by 

effect of high temperature as shown in fig. 4(b).  

 

Moreover the variation in mobility is not only change 

with the enlargement of temperature.  The drift velocity and 

electric field magnitude is mainly parameter to determine 

the mobility. 

 

E. Electron mobility and temperature 

 

 
 

Fig. 5 (a) 
 

 

 

Fig. 5 (b) 
 

Fig. 5 Relationship between electron mobility and 

temperature (a) VDS = 0 V (b) VDS = 1 V 

 

 

 

The electron mobility has attained with the electric field 

magnitude on middle of channel in fig. 5. This result found 

the mobility on VDS = 1 V was lower than mobility on VDS = 

0 V because the influence of positive charge from top of the 

gate biasing to control the channel and increased the electric 

field magnitude value.   
 

F. Saturation drain current and Electron mobility    

 

 
 

Fig. 6 Relationship between saturation drain current and 

Electron mobility on temperatures 

 

 

From fig. 6 the temperature was controlling the electron 

mobility. On top of tri-gate FinFET channel at T = 303 K 

the mobility was higher (631 cm2/Vs) at VDS = 0.1 volt and 

lower (526 cm2/Vs) at T = 353 K. After biased VDS to 1 Volt 

giving the mobility higher (3.51 cm2/Vs) at T = 303 K and 

lowest (3.30 cm2/Vs) at T = 353 K.  

 

This result shown the behavior of drain current and 

electron mobile that lowering with increasing of temperature 

because the decreasing of the drift velocity. 

 

 
TABLE 1 

RESULT SUMMARY 

Temperature (K) IDS (Sat) (µA) 

Electron Mobility (cm2/Vs) 

VDS = 0 V VDS = 1 V 

303 29.40 631 3.51 

313 29.30 607 3.47 

323 29.30 584 3.42 

333 29.30 563 3.38 

343 29.30 544 3.34 

353 29.20 526 3.30 

 

From table 1, the trend of result has increasing of 

temperature inversely to saturation drain current and 

mobility. At VDS = 0 V the mobility has decreased about 20 

cm2/Vs per 10K temperature variation and VDS = 1 V 

mobility lowering about 0.4 cm2/Vs. This effect takes the 

output of FinFET lowered and not appropriate to operate on 

high frequency.  
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V. CONCLUSION 

The temperature is important attribute. It brings many 

effects to the device structure and operation as the lowering 

of IDS and electron mobility. This paper shows the result of 

mobility on different temperature. While the temperature has 

increased the drain saturation current and mobility were 

decreased. The lowering of mobility on top of FinFET 

channel to bring the drain current down together because of 

the variation in electric field magnitude and drift velocity. 
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