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Abstract—In this paper, a model for SOI MOSFETs which 
considers the self-heating effect is proposed. The model which is 
based on a Multi Layer Perceptron (MLP) neural network, 
generates the drain current as a function of the gate-source 
voltage, drain-source voltage, and the device temperature. Based 
on the current, the temperature of the device channel is 
calculated. The neural network adapts itself with the channel 
temperature which can be calculated by an equivalent thermal 
model for the SOI device. 

Index Terms— Silicon on insulator, Self-heating, Neural 
networks. 

I. INTRODUCTION

NTEGRATED CIRCUITS are currently available with transistors 
whose smallest lateral feature size is less than 100nm and 
the thinnest materials are below 2nm [1]. Such 

miniaturization has led to having a hundred million transistors 
assembled together on a chip area no larger than a few square 
centimeters. The integration levels are projected to reach the 
gigascale as the smallest lateral device feature size approaches 
10 nm. The power densities, the heat generation, and the chip 
temperature are reaching levels that will prevent the reliable 
operation of integrated circuits [1]. Silicon On Insulator (SOI) 
technology have some advantages such as latch up immunity, 
higher transconductance, and reduced parasitic source and 
drain capacitance compared to bulk technology [2]. Despite of 
these benefits, some disadvantages like the kink effect and 
self-heating in SOI structures induced by the buried oxide 
(BOX) are serious problems that exist in the SOI technology 
[3]. 
 The active thin-film region of SOI devices exists on a 
silicon dioxide insulator which is used to separate the channel 
from the substrate. Since the silicon dioxide insulator is also a 
thermal insulator, the power consumed in the active device 
region increase the channel temperature easily [4]. As a result 
of this lattice temperature increase in the thin film, a 
phenomena called self-heating effect occurs. 

 
 

Self-heating substantially enhances the temperature and the 
temperature gradients in the SOI devices and integrated 
circuits (IC’s) and result in evident degradation of SOI 
performance and reliability [5]. Therefore, the channel 
temperature should be determined exactly at any time for 
calculating the drain current [6,7]. This phenomena makes 
modeling of the I-V characteristics of SOI-MOSFET more 
difficult compared to the case of bulk MOSFET. 
 In this paper, we introduce a model for the drain current of 
SOI MOSFETs based on the neural network approach. The 
model inputs include the gate-source voltage (Vgs), the drain-
source voltage (Vds), and the device temperature ( �T ). This 
model is based on a 3-4-2-1 Multi Layer Perceptron (MLP) 
neural network combined with a thermal model which 
calculate the channel temperature ( chT ) based on the current 
and voltages of the device and their duty cycles. The model is 
schematically shown in Fig. 1. 
The paper is organized as follows. In Section II, fundamentals 
of the self-heating phenomena in SOI devices are discussed 
while in Section III the proposed neural network model for the 
I-V characteristic of the SOI MOSFET is presented. The 
models for the channel temperature are discussed in Section 
IV. Finally, the summary and conclusion are given in Section 
V. 

II. SELF-HEATING PHENOMENON IN SOI DEVICES

At a higher drain voltage, the power consumption of the 
device is higher. The consumed power leads to increase in the 
channel temperature due to the thermal resistance of the BOX 
in the SOI device. The lattice temperature increase gives rise 
to electron mobility degradation. The self-heating of the 
NMOS transistor is more significant compared to the PMOS 
transistor due to the higher electron mobility [4]. In addition, 
the effect of temperature on increasing the scattering rate and 
hence decreasing the mobility is more for the electron [4]. 
 
As a result of this effect, the drain current decreases as the 
drain voltage increases. Fig. 2 shows the drain current versus 
the drain voltage of an SOI NMOS device with a front gate 
oxide of 70 Angstroms, a thin film of 800 Angstroms, and a 
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buried oxide of 4000 Angstroms, a channel length of 0.2 m� , 
a channel width of 9.5 m� , and an operating temperature of 
77 degrees of Kelvin [8].  
 

 
Fig. 1. Adaptive neural network system for SOI device modeling 

 

 
Fig. 2. The self-heating effect on the drain current [3] . 

 
As evident from the figure, at a higher gate voltage, the self-
heating effect is more noticeable. 
 The self-heating effect is more pronounced for SOI devices 
operating at low temperatures [3]. Since at low temperatures, 
the mobility is higher and the drain current is larger. 
Therefore, the power consumption and the temperature 
increase are higher. In addition, at low temperatures, the 
mobility is more sensitive to the variation in the lattice 
temperature [1]. Also, at low temperature, the thermal 
resistance of the SOI device increases due to their lower 
thermal conductivity [1]. 

III. NEURAL NETWORKS MODELING OF THE 
CHARACTERISTIC OF SOI DEVICES

A computational model for the I-V characteristic SOI 
MOSFETs based on the neural network has been proposed in 

[9][10]. The modeling approach which is fast and accurate is 
suitable for circuit simulators. In this work, it was shown that 
MLPs would be better for SOI modeling compared with 
Radial Basis Functions (RBF) neural networks. In this paper, 
we add the self-heating effect to the model proposed in 
[9][10]. As discussed in the previous section, the temperature 
dependency is very important for SOI devices [11]. 
  In this section, we use the data of the SOI device 
mentioned in Section II to train an 1-8-1 MLP neural network 
model. This neural network has one stage with eight units in 
that stage which generates one output. The I-V characteristic 
for this device obtained from the model is shown in Fig. 3. 
 

 
Fig. 3. Drain current (mA) versus Vgs and Vds of SOI obtained from 

the MLP neural network model. 
 

The I-V characteristic of a SOI NMOS transistor with a 
front gate oxide of 175 Angstroms, a thin film of 800 
Angstroms, and a buried oxide of 3800 Angstroms, obtained 
from another neural network model is shown in Fig. 4. The 
neural network model for this device is a 3-4-2-1 MLP neural 
network which has the temperature as an additional input. The 
model is shown in Fig. 1. The activation functions of this 
neural network are “tansig” type which has two stages with 
four and two units in each stage, respectively. This neural 
network is the model proposed in this work for considering 
the self-heating effect. It has the channel temperature as an 
additional input with respect to the inputs of the neural 
network of [9][10]. The network was trained using the data 
obtained from the NMOS transistor at 77 and 300 degrees of 
Kelvin [12][13]. The figure shows the dependency of the 
drain current on the drain voltage and the channel 
temperature. In this figure, the model shows that, the drain 
current of SOI device decrease the channel temperature 
increases.  
This model shows an error in the order of 710� for the non-
trained points. This error could be reduced by increasing the 
stages and the units of neural network. Increasing the number 
of stages and units increase the complexity of the model 
which leads to a computation time increase. Therefore, a 
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trade-off between the accuracy and the complexity should be 
considered. 
 

Fig. 4. Self-heating dependency of drain current. 

IV. CHANNEL TEMPERATURE MODEL

As discussed in the previous section, the proposed model 
needs the channel temperature as the input of the model. 
Therefore, we need to have an auxiliary model which 
calculates the channel temperature for the neural network 
model (see Fig. 1). There are two proposed different methods 
for calculating the channel temperature. The first simple 
model proposed in [14] calculates the difference in the 
channel temperature using 

Tdschdsch RRRIVIT )].(.[ 2 ����   (1) 

where sR  and dR  are the source and the drain resistors, and 

TR  is the thermal resistance. This resistance may be 
calculated from [15] 

sidox

box
T tKK

t
W

R
2
1

�    (2) 

where W is the device width, boxt  is the buried oxide width, 

dK  is the silicon thermal conductivity, oxK  is the gate oxide 

thermal conductivity, and sit  is the thickness of the gate 
oxide. This model is simple and may not be accurate enough.  
 A more accurate model for calculating the channel 
temperature also has been introduced [1][4][7]. In this model, 
the channel temperature is calculated by solving the thermal 
circuit shown in Fig. 6. The thermal circuit has been resulted 
considering the thermal resistors depicted in Fig. 5. In this 
figure, boxR  is the thermal resistance of the buried oxide 

layer, chR  is the equivalent channel thermal resistance, exR  
is the thermal resistance of the source and the drain 
extensions, sdR   is the drain and source thermal resistances, 

and gdR  is the gate-drain thermal resistance. The thermal 
resistances may be calculated using [7] 

kA
LRthermal �  (3)  

where k is the thermal conductivity, L is the dimension along 
the heat conduction direction, and A is the cross-sectional area 
. In this equivalent thermal circuit gR  is the gate thermal 

resistance. cdR  and csR  are the drain-side and source-side 

thermal resistances of the thin body channel. xdR  and xsR  

contain sdR from Fig. 5. in series with the drain-side and  the 
source-side component of the thin channel extension, 
respectively. Other thermal resistances are defined in Fig. 5. 
 

 
Fig. 5. Thermal resistance model of SOI [7]. 

 
 

         
Fig. 6. Thermal circuit of SOI devices [7]. 

V. SUMMARY AND CONCLUSION

In this paper, a neural network I-V model which includes 
the self-heating effect for the SOI MOSFET is proposed. This 
model is based on a MLP neural network, which calculates the 
drain current of transistor by having the gate-source voltage, 
drain-source voltage, and the device temperature. Based on 
the current and voltages of the device and their duty cycle, the 
channel temperature is calculated using an auxiliary model.  
The proposed model which was a 3-4-2-1 MLP neural 
network had an error in the order of 710� . 

7

The 18th International Confernece on Microelectronics (ICM) 2006



 

REFERENCES 
[1] E. Pop “Self-heating and scaling of thin body transistor,” 

PhD thesis, Stanford University, December 2004. 
[2] E. Pop, R. Dutton and K. Goodson “Thermal Analysis of 

Ultra-Thin Body Device Scaling,” Electron device 
meeting, IEEE international technical Digest IEDM 2003. 

[3] J. B. Kuo and S. Chia Lin “Low voltage SOI CMOS 
VLSI Devices and Circuits,” John Wiley & Sons 2001. 

[4] E. Pop and K. E. Goodson “Thermal phenomena in 
nanoscale transistors,” International conference on 
Thermal and thermo mechanical phenomena in electronic 
systems, IEEE 2004. 

[5] F. Yu “Heat flow modelling of SOI MOSFETs and 
circuits,” PhD thesis, Clarkson University, August 2004. 

[6] E. Pop, C.O. Chui, S. Sinhat, R. Dutton and K. Goodson 
“Electro-Thermal Comparison and Performance 
Optimization of Thin-Body SO1 and GO1 MOSFETs,” 
IEEE IEDM 2004. 

[7] J. Rowlette, E. Pop, S. Sinha, M. Panzer, K. Goodson, 
“Thermal simulation techniques for nanoscale 
transistors,” IEEE/ACM International conference on 
Computer-Aided Design, pp.25-228, November 2005. 

[8] Y.G. Chen, S.Y. Ma, J.B. Kuo, Z. Yu, and R.W.Dutton, 
”An analytical drain current model considering both 
electron and lattice temperatures simultaneously for deep 
submicron ultra thin SOI NMOS devices with self-
heating,” IEEE Transaction on Electron devices pp. 899-
906, 1995. 

[9] S. Hatami, M. Y. Azizi, H. R. Bahrami, D. 
Motavalizadeh, and A. Afzali-Kusha, “Accurate and 

Efficient Modeling of SOI MOSFET with Technology 
Independent Neural Networks,” IEEE Transaction on 
computer-aided design of integrated circuit and systems, 
VOL. 23, NO. 11, November 2004. 

[10]S. Hatami, M. Y. Azizi, H. R. Bahrami, D. 
Motavalizadeh, and A. Afzali-Kusha, “Modeling of drain 
current characteristics of SOI MOSFET using Neural 
Networks,” Proc. Int. Conf. Microelectron., 2002, pp. 
114–117. 

[11]W. Liu “Nanoscale heat conduction in semiconductor 
device and interconnects,” PhD thesis, Carnegie Mellon 
University, July 2005. 

[12] J.Jomaah, G. Ghibaudo, F. Balestra, and J. L. Pelloie, 
“Self-heating effects in SOI MOSFET’s operated at low 
temperature,” SOI Conference, pp.82-83, 1993 

[13] J. Jomaah, G. Ghibaudo, F. Balestra, and J. L. Pelloie, 
“Impact of self-heating effects on the design of SOI 
devices versus temperature,” SOI  conference pp.114-
115, 1995. 

[14]M.S.L Lee, B.M. Tenbroek, W. Redman, J. Benson, and 
M.J. Uren, “A physically based compact model of 
partially depleted SOI MOSFETs for analog circuit 
simulation,” IEEE Journal of Solid-State Circuits, Vol. 
36, No. 1, Jan. 2001. 

[15]  L.T. Su et al., “Measurement and modeling of self-
heating in SOI NMOSFETs,” IEEE Transaction on 
Electron devices, Vol.41 , pp. 69-75, Jan.1994. 

 

 

8

The 18th International Confernece on Microelectronics (ICM) 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Button2: 
	Button3: 


