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ABSTRACT

This article describes the effect of temperature on 
the threshold voltage, low field mobility and S/D 
series parasitic resistance of PMOS over operating 
temperature range of 27 0C to 125 0C.  The relation 
of IDS and VGS in a linear region was used with a 
different of channel length at a fixed value of channel 
width that effect of the channel width is excluded. 
The extraction procedure is based on the 
measurement of the transconductance characteristics 
of MOSFET in the linear region. The results show 
that, the temperature coefficient for threshold voltage 
is around 1.7mV/0C approximately. The low field 
mobility degradation parameter is decreased by the 
factor of 0.68. The temperature coefficient of source-
drain series resistance per unit channel width (RDSW) 
is approximately 16.7 ohm-um/K. These data are 
necessary for the circuit designer to understanding 
well in the elevated operating temperatures. 
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1. INTRODUCTION

The electrical characteristics of MOSFET 
normally are strong dependence on the operating 
temperature. One of the main parameter is the low 
field mobility that is decreased with temperature also 
the S and VFB which are decreased with 
temperature. The threshold voltage (VTH) is the first 
order   important parameter that sensitive to the 
operating temperature. The threshold voltage is 
decreased as the temperature increase due to the 
Fermi-level and band gap energy shift. The threshold 
voltage depends linearly on the operating temperature 
for the long channel devices. The following 
temperature model of VTH at zero substrate bias and 

current is used [1]. 
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Where VTH(Tref,L,VDS) is a threshold voltage at 
specific L , VDS  measure at T=Tref. The parameter 
TCV is the threshold voltage dependence with 
temperature with a unit of V/K.The temperature 
dependence on the mobility in BSIM3 is defined as 

( ) ( )

U TE

ref

ref

T
μ T μ T

T

 
  

 
 

 (2) 

The drain current of MOSFET at a function of 
temperature is defined as 
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Where K0 (A/V2) is the maximum device 
transconductance parameter, Tref is the nominal 
temperature or reference temperature at which 
parameters  are extracted (27 0C), TCV is the 
threshold voltage temperature coefficient, Uo is the  
Low field mobility,  is the  mobility degradation  
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factor, VTH is the threshold voltage, UTE  is  
temperature dependence on the low drain bias 
mobility, VTH is the threshold voltage, Weff is the 
effective channel width, Leff is the effective channel 
length, dL is the channel length reduction on one side, 
dW is the channel width reduction on one side, Cox  is 
the gate oxide capacitance per unit area, RS is a series 
parasitic  resistance at the source end, RD  is a series 
parasitic  resistance at the drain end, by assuming the 
RD=RS=RDS/2. In BSIM3, the temperature 
dependence of the series S/D resistance is defined by 

         ( ) ( ) ( 1)
DSW DSW ref

ref

T
R T R T PRT

T
                  (12) 

Where RDSW   is the parasitic series resistance per 
unit channel width exacted at T=Tref., PRT  is the 
temperature coefficient for RDSW. 

In this paper, we reported the effect of 
temperature on the basic electrical characteristics of 
PMOS devices in a supply voltage of 5.0 V. The 
temperature dependence of a device performance 
parameter such as the threshold voltage, the 
saturation drain current, low field mobility, mobility 
degradation and series parasitic resistance are 
determined.  The buried channel PMOS devices is 
given that; 
1) CMOS technology fabrication is the dominant 
technology in modern VLSI and PMOS device is part 
of the CMOS structure. 
2) boron-ion implantation in the channel for VTA 
adjust is now commonly used in both NMOS and 
PMOS device in CMOS technology and this serves 
mainly to match on the threshold voltage of both 
devices. This channel doping process can be used to 
prevent the NMOS from exhibiting the punchthrough 
effect. However, it can cause the formation of the p-
type buried channel in the enhancement mode PMOS 
device. 

2. EXPERIMENTAL PROCEDURE 

A. Devices Fabrication 

The PMOS test devices in this paper were 
fabricated by Twin-Well 0.8 CMOS technology 
(TMCN08) from Thai Micro Electronics Center 
(TMEC). They start with p-type substrate 25 -cm 
of resistance. The N-well was form by phosphorus ion 
implantation with dose of 6×1012 cm-2 with a fixed 
energy of 140 keV for a conventional well that  have 
a doping concentration of 31016 cm-3 with the 
junction depth was approximately 1.8m . A self-
aligned n+ poly silicon gate process 350 nm of 
thickness  was used with gate oxide 15 nm of 
thickness. A  BF2

+ ion implantation  with dose of 
11012 cm-2 and 70 keV of energy for threshold 
voltage adjust process in a channel was implemented 
in order to match the threshold voltage of the NMOS 
and PMOS device as require in the modern CMOS 
technology process. As a result, a surface channel and 
a buried channel were formed in NMOS and PMOS 
respectively. There have no anti-punchthrough 

process for PMOS since the N-well concentration was 
high enough. Low energy implants are required to 
form shallow junctions self-aligned to the poly silicon 
gate. Phosphorus and BF2 implants formed the 
lightly doped drain (LDD) of NMOS and PMOS 
devices. The BF2

+ ion implantation with dose of 
21013 cm-2 and a energy of 90 keV was used for the 
LDD implantation. The junction depth of LDD is 
around 0.2m. An oxide spacer technology was used 
the LDD spacer.The spacer width is approximately 
200 m. The source and drain junction depth were 
approximately 0.3 m with approximately 75 
/square of sheet resistance. The scalable device test 
structure have been design for different device 
geometries; Big dimension (W=20 m, L= 20 m) 
and short dimension (L= 0.6 m, 0.7 m 0.8 m, 1.2 
m,  1.6 m, 3.0 m and 20 m , W= 20 m). The 
lateral diffusion is 0.06 m/side and the channel 
width reduction is approximately 0.5 m/side 
respectively. Fig. 1 shows the PMOS buried channel 
cross section from Sentaurus process simulation 
software. 
 

 
 

Figure 1.  PMOS cross section from process simulation 

 
 In simulation, the n-well concentration is 31016 cm-3, 
the channel concentration is approximately 31016 
cm-3 with junction depth of 0.1m. Figure 2 shows 
the scalable device of PMOS 
 

 

 
 

Figure  2. Illustration the PMOS  device test structure  
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B. Devices Measurement 

      The threshold voltage measurements for testing 
device were performed by measuring a set of log 
versus  by the linear extrapolation methodology. 
The most common threshold voltage measurement 
method is the linear extrapolation method using the 
maximum slope technique of IDS and VGS which the 
drain current is measured as a function of gate 
voltage at low drain voltage of typically 100 mV to 
ensure that the operation is in linear region. Hence, 
the IDS versus VGS is extrapolated at IDS = 0 and the 
threshold voltage is determined from the 
extrapolated or intercepted gate voltage VGS by 
VTH=VGS-0.5VDS as shown in Fig. 3.  
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Figure  3. The threshold voltage measurement method of 
PMOS in linear region at temperature 27O

 oC 

 

    It is common to find the maximum slope on the 
IDS versus VGS by a maximum transcomductance,  

Gm = IDS/VGS. The intercept with the x-axis is 
taken as VTH. In saturation region, the voltage is 
swept in order to find the maximum slope of the 
square root of the drain current as a function of the 
gate voltage [2].  
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A linear extrapolation is performed around this 
operating point. The intercept with the x-axis is taken 
as VTH as shown in Figure 4. The testing PMOS 
devices using a precision semiconductor parameter 
analyzer B-1500A with a thermal chuck in the range 
of 27 0C to 200 0C in manual operating.  

Fig. 5 (a) shows log IDS versus VGS characteristics 
of PMOS and Fig. 5(b) shows IDS versus VGS 
characteristics of PMOS as the gate voltage VGS was 
swept from 0 V to -5.0 V at zero substrate bias in the 
linear region (VDS= -0.1V) in the range of  27 and 125 
0C respectively. Fig. 6 shows the IDS versus VDS 
characteristics of PMOS as the drain voltage VDS was 
swept from 0 V to -5.0 V at zero substrate and the 
gate  voltage VGS  was  swept  from  0 V  to   -5.0 V  
(-1V/step) over the temperature in the range of  27 
0C  and 125 0C  respectively. 
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Figure  4.  The threshold voltage measurement method of 
PMOS in saturation region at temperature 27O

 oC 
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Figure  5. (a) log IDS versus VGS and  (b) IDS versus VGS of  
PMOS with temperature  27oC and 125oC respectively 
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Figure  6. IDS versus VDS of  PMOS with temperature  27o
 oC 

and 125o
 oC 

 
 

C. Parameters Extraction 

     We can find the mobility degradation  at the 
specific drawn channel length by plotting the relation 
between Ko   and  K of each specific channel length. 
the following equation was used for extraction. 
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Fig. 7 shows the extraction procedure of    at 27 OC 
with drawn channel length of 20 m 
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Figure  7.  Extracted  of PMOS with W=20 m , L=20 
m at 27O

 oC 

 
In Fig.7, the value of mobility degradation of a large 
PMOS is approximately -0.13 V-1. As the channel 
length of testing devices are scaled down, the value of 
mobility degradation are increased as illustrated in 
TABLE I.  
 
 

TABLE I.   THETA OF PMOS AT VARIOUS TEMPERATURE  AND  W/L 

W/L 

(um/um) 

270C 

   (V-1) 

1250C 

   (V-1) 

20/20 0.13 0.05 

20/0.8 0.247 0.176 

20/0.6 0.293 0.233 

 

 
In TABLE I, we can find RDS  from the slope between 
 & K0 at a specific drawn channel length. In this 
graph, the y-intercept is a mobility degradation 
factor THETA ( ) and the slope is the series 
parasitic resistance as shown in Figure. 8. 
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Figure  8.  Extracted THETA versus  K0  of PMOS devices 
at 27 oC with drawn gate length of 20, 0.8  and 0.6 m 
 
 

3. RESULTS AND DISCUSSIONS 

The mobility degradation factor THETA and RDS at 
various temperatures as shown in Table II. In sub 
threshold region at given VGS VTH, the drain current 
increased with operating temperature that caused by 
the junction current increased with the temperature 
and make the sub threshold current increased by the 
following relation; and also make the threshold 
voltage lowering with the operating temperature. In 
this region, the threshold voltage is a significant 
affected. The zero temperature coefficient point 
(ZTC) is a value -1.65 V of VGS in linear region. The 
Subthreshold Swing in linear region (S_Subtlin) is 
around 85 mV/dec and 100 mV/dec at the 
temperature of 27 oC and 125 oC respectively. In 
saturation region, the The Subthreshold Swing in 
saturation region (S_Subsat) is around 88 mV/dec 
and 120 mV/dec at the temperature of 27oC and 125 
oC respectively. 
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TABLE II  THETA, KO, UO AND RDS OF PMOS AT VARIOUS TEMPERATURE AT W/L=20/20 

 
 
 
 

 

 

 

 
 
A small value of Subthreshold swing is desirable [10]. 
The drain leakage current at VGS=0, VDS=5.0V is 
approximately 2 decades increased. Above this point, 
the temperature effect on the mobility and series 
resistance is significant affected. Then, the drain 
current decreased as the operating temperature 
increased for all design drawn channel length. The 
effect of total parasitic series resistance makes the 
drain current is decreased as the operating 
temperature increased. This effect caused by the 
degradation of carrier mobility and the positive 
dependent of drain/source resistance on the 
temperature. The saturation drain current is 
decreased as the temperature increases by the factor 
of 0.68.The drain saturation current model over the 
operating temperature of a testing device can be 
defined as 
 

   ( ) ( ) 1 ( )DS DS DS refI T I Tref TCI T T   
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         (15) 

 
TCIDS is a coefficient of drain saturation current 

over the operating temperatures that have a value of  
-0.33 %/K. Fig.5 shows the threshold voltage versus 
mask channel length width an operating temperature 
as a parameter. It can be seen that, the threshold 
voltage decrease rapidly for the mask channel length 
lower than 0.8 m for all operating temperature. 
The coefficient of threshold voltage over the 
operating temperature is 1.7mV/K. The threshold 
voltage model over the operating temperature of a 
testing device can be defined by 
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The process tranconductance or the low field 
mobility is decreased as the temperature increases by 
the factor of 0.68. The model over the operating 
temperature can be extracted by the relation 
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The parameter UTE is extracted from the slope. The 
low field mobility model of long channel can be 
defined as  
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Similarly, the process transconductance can be 
defines by 
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The drain source series parasitic resistance per 

unit channel width (RDSW) are extracted by IDS versus 
VGS of PMOS at various drawn channel length [7]  at 
the temperature of 27  and 125 oC and also can be 
defined as 
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4. CONCLUSION 

The experimental results of the characterization of 
PMOS at elevated temperature fabricated in 0.8 μm 
CMOS process are presented. We note that an 
increase in temperature results in decrease of the 
threshold that caused by the increase of conduction 
current of MOSFET devices. On the other hand, the 
threshold slope is decreased with the temperature that 
caused by the increase of conduction current. The 
coefficient of threshold with temperature is in the 
range of 1.7 mV/K and 2.0mV/K in linear and 
saturation region respectively. The low field mobility 
decreases as the temperature increases by the factor 
of 0.68. The coefficient of drain saturation current 
over the operating temperatures have a value of -0.33 
%/K. The mobility degradation parameter is drop 
linearly in rate of 8.210-4 V-1/K. On the other hand, 
the series parasitic resistance per unit width is 
increased linearly by16.7 .μm/K. These data are 
necessary for the circuit designer and process 
development to understanding well in the elevated 
operating temperatures. The new process and design 
for improvement will be discussed later on.  

 

Parameter 27 o C 125oC unit 

Low Field mobility degradation (THETA, ) 0.13 0.05 V-1 

Total Series Resistance  (RDS)  2620 4260 -um 

Maximum Transconductance (K0) 3.1710-5 1.010-5 A/V2 

Low Field mobility (Uo) 138 94 cm2/Vs 
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APPENDIX A 

       The drain equation excluded drain source series 
parasitic resistance is defined by 
 

     / / /
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In linear region, the drain equation can be expressed 
by 
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The equivalent circuits of MOS as show in figure A1 
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Figure  A1. The equivalent circuit of MOS 
 

 
The equation that combines drain source parasitic 
resistance is expressed as 
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The final equation that combines drain source 

parasitic resistance can be expressed as 
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The next parameter is included in the model is 
mobility degradation. 
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Where K0 (A/V2) is the maximum device 
transconductance parameter,  is the mobility 
degradation parameter.The equation included the 
mobility degradation and series parasitic resistance 
can be expressed by the following 
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Let’s assume that m D Sθ θ KoR   the equation 
combined the SD series parasitic and mobility 
degradation can be defined as 
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We can find the mobility degradation   and SD 
series parasitic resistance by the following procedure 
[4]. Where Ko is the slope max of IDS&VGS, K is the 
slope of IDS&VGS at a specific VGS. We can find  at 
the specific drawn channel length by plotting the 
relation between Ko   and  K . Use (A10a) ,  we can 
find RDS  from the slope between m & K0  of each 
specific device that varying the channel length. And 
the y-intercept of m & K0   is a mobility degradation 
factor  THETA ( )  of MOSFET. As you seen that 
the longer channel length value the lower mobility 
degradation value. 
 
 

APPENDIX B 

The series parasitic resistance at Drain side can be 
expressed as 
 

D
D Cont

D

L
R R R

W
                           (B.1) 

Similarly, the series parasitic resistance at Source 
side can be expressed as 
 

                        S

S Cont

S

L
R R R

W
                              (B.2) 

 
Where LD is the length of Drain region, WD is 
the width of Drain region, LS is the length of 
Source region, WS is the width of Source region, 
R is the sheet resistance of Drain/Source region 
and RCont  is the contact resistance. The above 
parameters are illustrated in Figure A2. 
 
 

 
 

Figure  A2. Layout design of MOS 
 
The total series parasitic resistance included at Drain 
side and Source side is simplified as 
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In layout design, WD=WS, LD=LS  
Then the total series parasitic resistance of both sides 
is expressed as 
 

2
2
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                         (B.4) 

 
If we have multiple contacts in Drain and Source 
side, then the contact resistance at one  side is 
defined as 
 

C ont

C ont

R
R

n
                                 (B.5) 

 

Where n is the total number of contacts. 
 

ACKNOWLEDGMENT 

The authors would like to thank the TMEC staff 

for devices testing. 

REFERENCES 

[1] Foty. D, Mosfet Modeling With SPICE Principle 
and Practice. 2nd Ed.  New Jersy, America: 
Prentice Hall, 1997. 

[2] Tsividis, Operation and Modelling of the MOS 
Transistor. 1st ed.  Singapore: Mcgraw-Hill, 
1988. 

[3] Cheng, Y. and Hu, MOSFET Modeling and 
BSIM3 User’s Guide. USA: Kluwer Academic 
Publishers, 1999. 

[4] Wang, R. DeMassa, T.A. and Jelsma, Threshold 
Voltage Variations  with Temperature in MOS 
Transistor. IEEE Electron Device, vol. 18, pp. 
386–388, 1971. 

[5] Xiaolin Ouyang, Ashraf A., Osman and 
Mohammad Mojarradi, High temperatature 
characterization of high-voltage MOSFET 
fabricated in a 0.5 um CMOS process. IEEE 
Electron Device,pp. 222–225, 1998. 

[6] Z. Parpia, C. Andee, T. salama,  and R.A. 
Hadaway, Modelling and characterization of 
CMOS-compatible high voltage device structure. 
IEEE Trans. Electron Device,  Vol. Ed-34, pp. 
2335–2343, Nov.1987. 

[7] K.Kiddee, A.Ruangphanit, S. Niemcharoen, 
N.Atiwongsangthong and R.Muanghlua,  
Extraction of Mobility degradation, Effective 
channel length and total series resistance of 
NMOS at elevated temperature. ECTI-
CON2011,pp.002--005 , May.2011. 

[8] Wang, R. DeMassa, T.A. and Jelsma, Threshold 
Voltage Variations  with Temperature in MOS 
Transistor. IEEE Electron Device., vol. 18, pp. 
386–388, 1971. 

[9] Klaassen, On the Temperature Coefficient of the 
MOSFET Threshold Voltage. Solid-State 
Electronics, 1986., Vol. 29, pp. 787-789. 



16 N. Sakuna, R. Muanghlua, S. Niemcharoen and A. Ruangphanit: The Effect of Temperature on Threshold Voltage …. 

[10] Stanley Wolf, Silicon processing for the VLSI 
ERA. Volume2.California, America: Lattice Press 

1990. 

 
Surasak  Niemcharoen receieved 
the B.S. degree in physics from 
Chiang Mai University, Chiang 
Mai, Thailand in 1985, the M. 
Eng. and D. Eng. degrees in 
electrical engineering from King 
Mongkut’s Institute of Technology 
Ladkrabang, Bangkok, Thailand 
in 1992 and 2004, respectively. In 

1990, he joined the Electronics Research Center, Faculty 
of Engineering, King Mongkut’s Institute of Technology 
Ladkrabang, where he was working as a researcher on 
the design, fabrication and characterization of double 
diffusion metal oxide semiconductor field effect 
transistors (DMOSFET). In 1993, he joined the 
Department of Electronics, Faculty of Engineering, King 
Mongkut’s Institute of Technology Ladkrabang as a 
lecturer. In 2001, he became an Assistant Professor of 
electronics in the Department of Electronics Engineering, 
Faculty of Engineering, King Mongkut’s Institute of 
Technology Ladkrabang. He has authored/coauthored 
more than 45 technical papers published in international 
journal. His areas of research interests are in ferroelectric 
materials used in electronic devices, physics and 
technology of metal semiconductor barriers, optical 
semiconductor devices base on silicon technology, metal-
semiconductor-metal (MSM) photodetectors and design 
and fabrication of  MOS and CMOS integrated circuits. 
 
 

Rangson  Muanghlua receieved the B.S. 
degree in materials science from Chiang 
Mai University, Chiang Mai, Thailand 
in 1993, the M. Eng. and D. Eng. 
degrees in electrical engineering from 
King Mongkut’s Institute of Technology 
Ladkrabang, Bangkok, Thailand in 2001 

and 2011, respectively. My areas of research interests are 
in ferroelectric materials used in electronic devices, 
sensors, physics and technology of metal semiconductor, 
and fabrication of MOS and CMOS integrated circuits.

 
Natthaphon Sakuna received the 
Bachelor degree in Electronic  
Engineering from King Mongkut 
Institute of Technology Ladkrabang 
Chumphon Campus , Chumphon, 
Thailand in 2012. 
 
 

 
Anucha Ruangphanit  received a  
High Vocational from Suankularb 
College(OSK99). He obtained a 
Bachelor’s degree in Applied Physics  
and a Master degree in Electrical 
Engineering from King Mongkut 
Institute of Technology Ladkrabang. 
He designed the 0.8 CMOS process 

fabrication and 0.5 CMOS process fabrication at TMEC.  
He designed the test chip layout of above technology. He 
has authored more than 35 technical papers published in 
proceeding in international conference. His job is 
concerned about the design and fabrication of sub 
micrometer CMOS and CMOS integrated circuits . 

 
 

 

 




