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Abstract 

A new unified charge control model (UCCM) for shon channel nMOSFET is 
proposed to describe subthreshold, near and above threshold regions simultaneously using 
an analytical formula as follows, 

VGS - (Vth,o - OVDS) - aV = ri V-rln(nin>o) + a(ni„^ - HQ). (1) 

Fig.l shows the comparison of the n-^^^ vs. VQS characteristics between the measurement 
and calculated results using eq.(]) for long channel nMOSFET. 

We propose the universal mobility model at room temperature. It was found that )ij_ 
is universally dependent on effective transverse electric field, F̂ ff. From the fact that F̂ -ff is 
approximately proportional to (V^s+A/fh) for nMOSFET using n+ doped poly gate, we 
found |ij_ is linearly and universally dependent on (Vcs+Vth) as shown in Fig.2. 

Based on UCCM and universal |ij_ model, we develop a new unified I-V model, 
which is continuous and can cover all operation region of MOSFET for submicron 
nMOSFET. 
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where X=V[)S-VJ3SAT' ^^'^ c is a parameter determined from the condition that 9IDS/5^DS •̂'' 
continuous at .saturation point. 

Our parameter extraction starts from the experimental determination of (Vj3,,i,Ijs.„) 
from the IDS 'C^^DS/^^S) P ' ^ ' "^^ shown in Fig.3 in a systematic and unambiguous way , 
which is based on the finite drain conductance due to the channel length modulation in 
saturation. The parameter a and tlic saturation velocity are found from linear regression as 
shown in Fig.4. Our calculation of I-V characteristics using extracted parameters show 
excellent agreement with experimental results as shown in Fig.5 and Fig.6 for the entire 
^ds' ^g.s and Vp5 (Vj3s dependence is not shown here). 

TTie extracted parameters also agree well with independent measurement results and 
thus are very physical. Our unified model and parameter extraction are very suitable for 
circuit simulation, process characterization using computer controlled measurement system 
and statistical yield analy.sis due to parameter variation. 
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Fig.l Comparison of ninvvs. Voscharacterislics between 
experinnenlal measuremenl (lines) and UCCM (dots) 
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Fig.2 Measured mobility vs. (Vcst-Mh) plot for different 
substrate bias, sfiowing universal and linear 
dependence of mobility on ( V Q J V ,(). 
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Fig.3 Determination of sturalion point and Vxfrom kjs'Fids plot. Fig.4 Extraction of aand V „ H Rn = 1/W/Coxvsot. 
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Comparison of IQVS. Vcsctiaracteristics for VDS= 0.1V 

and 5V between measurement (dots) and unified l-V 
model (lines), showing the DIBL effect. 
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Fig.6 Comparison of Icvs. Voscharacteristics for VGS= 2,3, 4, 5V 
Ijetwoen measurement (dots) and unified l-V model (lines) 
for W/L-20/0.87 [nm] nMOSFET. V,h = 0.65V. 
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