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ABSTRACT 

 

Micro and Nano technology devices exhibit excellent performance and scalability but in contrast they have heating effect. To 

analyze and minimize this thermal effect in terms of thermal resistance a model has been presented in this work for the 

application of mechatronics switch. It will be suitable for the sensors and systems. A simple and accurate method has been 

discussed for extraction of the effective thermal resistance of a double-gate MOSFET and cylindrical surrounding double-gate 

MOSFET. The drain, source and channel resistance has been extracted and gate resistance has been taken as negligible due to 

negligible gate current.  
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1. INTRODUCTION 

 

Mechatronics includes various technical areas such as 

modelling, manufacturing, system integration actuator, 

sensors, micro-devices, opto-electronic system, robotics, 

automotive system, etc. [1]. In a mechatronics motion control 

some parameters such as robustness, actuation, position 

control, force control etc. have an effective model [2]. Regtien 

[3] provides an overview of the various sensors and systems 

which are required and/or applied in mechatronics. Also, the 

emphasis is on the understanding the physical principles and 

possible configurations of sensors has been discussed. The 

mechatronics system design methodology to integrate the 

different field / discipline knowledge, through the design and 

development process of mechatronics product has been 

discussed in [4, 5].  

 

There are various applications of optical switches that require 

precision positioning of micro-actuators. The analog nature of 

micro electro mechanical switches (MEMS) and indeterminate 

device characteristics (due to manufacturing tolerance), make 

these switches impracticable and expensive calibrations 

process [6]. In the present research, I have tried to obtain the 

internal thermal resistance for the switch (using double gate 

MOSFET and cylindrical surrounding double gate MOSFET). 

So that the behavior of the switch pertaining to the thermal 

effect can be analyze, change or set in advance according to 

the application in the mechatronics system.  

 

 

 

 

 

 

 

Semiconductor devices have definite operating temperature 

limits. High operating temperatures are undesirable since 

performance is degraded, reliability is impaired, and device 

destruction may be a possibility [7]. Typically, for every 10°C 

rise above 100°C, the operating life of the device reduces to 

halved. It is thus imperative that semiconductor devices run as 

cool as possible. The evaluation of temperature increase in 

circuit simulation is an important issue for several Silicon 

technologies. Self-heating can be particularly severe in case of 

advanced micro and nano-technology. For Silicon on Insulator 

(SOI) substrate, due to the poor thermal conductivity of the 

substrate, MOSFET devices are strongly affected by self-

heating issues [8]. In the power transistors a relevant 

temperature increase can be observed due to the large 

operating voltages [9, 10]. The total thermal conductance of a 

traditional MOSFET is defined by constructing the equivalent 

thermal circuit which basically contains only resistors [11]. 

Generally, the basic techniques for power semiconductor 

thermal resistance measurements are optical, chemical, 

physical and electrical. Each of these techniques has its 

advantages and disadvantages [12]. 

 

Magnone et. al. [13] has proposed a methodology to define an 

equivalent resistive thermal network that allows modeling the 

lateral heat propagation through the Silicon substrate of power 

devices. The basic idea is to split the substrate in basic 

elements of length ∆L and to associate to each element, 

lumped thermal resistances. Caviglia and Iliadis [14] has 

derived a model for small signal dynamic self-heating for the 

general case of a two-port device and then specialized to the 

case of an SO1 MOSFET.  
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Kang et. al. [15] has presented the method for extraction of 

gate electrode resistance as well as the channel resistance. 

This model extracted the analytical parameter with help of Y-

parameter analysis and presented the extraction results of the 

high frequency gate resistance (RG), with various geometries 

at different bias conditions. Kang et. al. also developed an 

analytical physics based gate resistance model. Yan et. al. [16] 

has presented a model that the overall gate resistance can be 

lowered through silicidation or the use of multiple gates. For 

example, the thickness of gate silicide must scale with channel 

length, thereby yielding a higher sheet resistivity for shorter 

devices. Also, increasing the number of gates tends to increase 

the source or drain junction capacitance and degrade circuit 

density. 

 

Razavi et. al. [17] has described the impact of distributed gate 

resistance on four aspects of the performance of the devices: 

cut-off frequency, maximum frequency of oscillation, input 

referred thermal noise, and time response. In the digital 

applications the devices usually switch fast enough such that 

the self-heating can be ignored in circuit simulation. For 

analog applications accurate simulations require that 

instantaneous temperature be included in the modeling. But in 

both the cases, ignoring thermal effects can lead to various 

errors in parameter extraction [18].  

 

In this work, double-gate (DG) MOSFET [19, 20] and 

cylindrical surrounding double-gate (CSDG) MOSFET [21, 

22] has been taken to model the thermal resistance effect. 

These MOSFETs are in the range of nanotechnology and have 

small scaled parameters. The resulting analytical model 

accounts for the thermal conductance of each region of the 

transistor: gate, gate dielectric, source, drain, body, Si-

substrate, interconnects, etc. But in the presented model 

substrate is negligible, so have not been considered. I obtained 

that the effect of heating in these MOSFETs is less compared 

to the traditional MOSEFTs. These MOSFETs can also be use 

for the RF switches and amplifiers.  

 

The organization of this paper is as follows. The modeling of 

thermal resistance which has been used for the analysis of DG 

MOSFET and CSDG MOSFET has been discussed in the 

Section II. The thermal modeling of DG MOSFET has been 

analyzed in the Section III. The thermal modeling of CSDG 

MOSFET has been analyzed in the Section IV.  

The effects of thermal resistance on various parameters have 

been discussed in the Section V. Finally, Section VI concludes 

the work and recommends the future works. 

 
 

 

 

 

 

2. MODELING OF THERMAL RESISTANCE 
 

When power is applied to a semiconductor device, the chip / 

junction temperature will rise to a value based on the power 

dissipated in the chip and the ability of the device package and 

its heat sink to remove this heat [7]. A steady state condition is 

reached when the heat generated is equal to the heat removed. 

Heat flows from a higher temperature to a lower temperature 

region, and the quantity that resists this flow of heat energy is 

called thermal resistance [13, 18]. A thermal circuit can model 

the transfer of heat from a semiconductor chip to its 

surroundings with direct analogy to an electrical circuit. In this 

work, this theory is used in the boundary of the MOSFETs, 

means the drain, source, gate, and channel region has been 

considered to observe the thermal resistance. The external 

components such as heat sink, ambient or air have not been 

considered. In an electrical circuit, if current I flow from a 

point at voltage VH to a point at voltage VL as shown in the fig. 

1(a), then using Ohm’s law the electrical resistance R between 

the two points is:  

 

( - ) /H LR V V I=  

Therefore, 

H LV V IR= +   (1) 

 

Now for the thermal circuit, equivalent to the electrical circuit, 

there is an analogous relation as [7]: 

Power dissipated (PD) � Current source (I), 

Temperature (T) � Voltage (V), and  

Thermal resistance (θ) � Electrical resistance (R).  

 

Hence using thermal Ohm’s law, if heat flows from a point at 

temperature TH to a point at temperature TL and dissipates 

power PD as shown in the fig. 1(b), then the thermal resistance 

θ between the two points is: 

 

( ) /H L DT T Pθ = −  

Therefore, 

H L DT T P θ= +    (2) 
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 (a)                                               (b) 

 

 

(c) 

Fig. 1.   (a) Resistive model, (b) Thermal equivalent of the 

Resistive model, and (c) combination of thermal 

resistances. 
 

 

For a typical arrangement of an integrated circuit (DG 

MOSFET and CSDG MOSFET) comparing the thermal 

resistance (for example θ1, θ2, and θ3) with the electrical 

resistance (for example R1, R2, and R3) in series combination  

as shown in fig. 1(c). The sum of these three thermal 

resistances is the total thermal resistance will be like the 

1 2 3seriesR R R R= + + , so the thermal resistance equivalent 

with thermal Ohm’s law will be: 

 

 
1 2 3Totalθ θ θ θ= + +   (3) 

 

The total thermal conductance Gth reflects the average 

temperature rise ∆T in the transistor for /D thT P G∆ = , where 

PD is the power dissipation [11].  

 

3. ANALYSIS OF THERMAL RESISTANCE OF DG MOSFET 

In the Double-Gate MOSFET (as shown in Fig. 2a) [19], there 

are two gates means one gate on each side of the Silicon oxide 

layers. This MOSFET creates two MOSFET back to back and 

the resistance structure is shown in fig. 2(b). The Rs, Rch and 

Rd are the source resistance, channel resistance and drain 

resistance respectively. The RG is the gate resistance and it has 

no effect in the thermal resistance model due to the negligible 

gate current in the MOSFET. The subscript 1 and 2 represent 

that the particular resistance is due to Gate-1 and Gate-2 

respectively.  

 

These resistances are converted to its thermal resistance as 

shown in the fig. 2(c) using the fig. 1 and then equated using 

Equation (2) and Equation (3). The gate resistance has no 

effect in the working of MOSFET in terms of switching. The 

gate creates the path from source to drain. From the fig. 2(c), 

using thermal Ohm’s law, the final thermal resistance has been 

calculated as follows: 

 

1 1 11 s ch dθ θ θ θ= + +  

2 2 22 s ch d
θ θ θ θ= + +  

 

 

 
(a) 

 

(b) 
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(c) 

Fig. 2.   Double-Gate MOSFET (a) Basic structure, (b) 

Resistive model, and (c) Thermal resistive model. 

 

These θ1 and θ2 are in parallel, following the parallel 

combination of the resistances due to the Gate-1 and Gate-2. 

So the total equivalent thermal resistance of the DG MOSFET 

will be: 

 

1 1 1 2 2 2

1 1 1 2 2 2

1 2

( )( )
       

( ) ( )

DG

s ch d s ch d

s ch d s ch d

θ θ θ

θ θ θ θ θ θ

θ θ θ θ θ θ

= Π

+ + + +
=

+ + + + +

  

 (4) 

 

In this Equation (4), the thermal resistance will decreases 

compared to the normal MOSFET as it is parallel 

combination of resistance. Hence this DG MOSEFT is 

suitable for the application of RF switches. 

 

4. ANALYSIS OF THERMAL RESISTANCE OF CSDG  

    MOSFET 
 

In the CSDG MOSFET (as shown in Fig. 3a) [22], there are 

two circular gates (due to hollow cylindrical structure) i.e. one 

gate on the external peripheral and second one is inside the 

internal peripheral of the Silicon oxide layers. This MOSFET 

creates two MOSFET like a cylindrical structure and its 

resistance structure is shown in fig. 3(b). The Rs, Rch and Rd 

are the source resistance, channel resistance and drain 

resistance respectively. The RG is the gate resistance. The 

subscript 1 and 2 represent that the particular resistance is due 

to Gate-1 and Gate-2 respectively. The difference in the 

values of these resistances with compare to DG MOSFET 

parameter is that, these are circular resistance for the CSDG 

MOSGFET as in Equation (5). These resistances are converted 

to its thermal resistance as shown in fig. 3(c) using the fig. 1 

and then equated using Equation (2) and Equation (3). 

L
R

A

ρ
=   (5) 

 
(a) 

 
(b) 

 
(c) 

Fig. 3.   Cylindrical Surrounding Double-Gate MOSFET 

(a) Basic structure, (b) Resistive model, and (c) Thermal 

resistive model. 

 
where ρ is the resistivity of the material, L is the channel 

length and A is the circular perimeter of the CSDG MOSFET 

as in this fig. 3(a), it will be 2πa (internal perimeter for 

internal resistance) and 2πb (external perimeter for external 

resistance). Similar to DG MOSFET, the gate resistance has 

no effect in the working of CSDG MOSFET in terms of 

switching. The gate creates the path from source to drain. 

From the fig. 3(c), using Thermal’s ohm law, the final 

thermal resistance has been calculated as follows: 
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1 1 1inrnal s ch dθ θ θ θ= + +  

2 2 2external s ch d
θ θ θ θ= + +  

 

These θ1 and θ2 are in parallel, as external and internal 

cylinder structures are parallel to each other. Following the 

parallel combination of the resistances due to the Gate-1 and 

Gate-2, thermal resistances will be parallel. So, the total 

equivalent thermal resistance of the CSDG MOSFET will be: 

 

1 1 1 2 2 2

1 1 1 2 2 2

( )( )
       

( ) ( )

CSDG inernal external

s ch d s ch d

s ch d s ch d

θ θ θ

θ θ θ θ θ θ

θ θ θ θ θ θ

= Π

+ + + +
=

+ + + + +

  (6) 

 

In this Equation (6), the thermal resistance will decreases 

compared to the normal MOSFET and DG MOSFET as it is 

parallel combination of resistance also a cylindrical area. 

Hence this CSDG MOSEFT is suitable for the application of 

RF switches as compared to the DG MOSFET. 

 

5. EFFECT OF THERMAL RESISTANCES 

 

The thermal resistance affects the switching speed of the RF 

switch. A higher switching speed can be achieved due to the 

increased mobility and decreased thermal or electrical 

resistance. As in the thermal equivalent circuits of DG 

MOSFET and CSDG MOSFET, the thermal resistances are in 

parallel combinations, which reduce thermal resistance and 

hence the heating effect on the application of the devices. So, 

the RF switches designed by using DG MOSFET and / or 

CSDG MOSFET are having higher switching speed compared 

to the traditional MOSFET.  The low thermal effect has 

improved performance, increased reliability, and higher 

density of MOSFET integrated circuits. Reliability can be 

increased if thermally activated processes slowdown. This can 

be done better with the help of CSDG MOSFET as compared 

to the DG MOSFET. The noise behavior can be improved as 

these structures has reduced thermal noise due to reduction in 

the equivalent thermal resistance as shown in the fig. 2(c) and 

fig. 3(c), with the help of Equation (4) and Equation (6). Due 

to the improved heating effect, one can achieve the higher 

packing density. 

 

6. CONCLUSIONS &  FUTURE RECOMMENDATIONS 

 

In this work, I have modeled the thermal resistance for the DG 

MOSFET and CSDG MOSFET using thermal Ohm’s law. 

Using this technology, the thermal effect on the RF switch can 

be analyzed in detail in future work. The proposed model can 

be further analyzed by physics based gate resistance model 

which can accurately predict the bias dependency, dependence 

on the number of fingers, channel lengths, and widths, 

junction temperatures, thermal stabilities, and thermal 

runaway effects of self-heating [23]. This DG MOSFET and 

CSDG MOSFET thermal resistance management process can 

further be used for RF amplifier development with junction to 

case temperature [24].  

 

 

7. FUTURE WORK  
 

In future work, this work can be extended to some of the 

application from Automation and robotics, Automotive 

engineering Computer aided & integrated manufacturing 

systems, reliability, control systems techniques, Games 

technologies, Systems Industrial engineering, Machine vision, 

Sensing and control systems etc. [25]. 
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