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Abstract

A new unified charge control model (UCCM) for short channel nMOSFET 1s
proposed to describe subthreshold, near and above threshold regions simultancously using
an analytical formula as follows,

Vs = (Vino = 0Vps) — @V =nVrln(n;,/ng) + alnj,y — ng). (1

Fig.1 shows the comparison of the ny,, vs. Vg characteristics between the measurement
and calculated results using eq.(1) for long channel nMOSFET.

We propose the universal mobility model at room temperature. It was found that pt
is universally dependent on effective transverse electric field, Fop. From the fact that Fgris

approximately proportional 10 (Vgg+V,;,) for nMOSFET using n* doped poly gate, we
found | is linearly and universally dependent on (Vgg+V,y,) as shown in Fig.2.

Based on UCCM and universal 1, model, we develop a new unified 1-V model,
which is continuous and can cover all operation region of MOSFET for submicron

nMOSFET.
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where x=Vps—Vpsat, and ¢ is a parameter determined from the condition that dlyg/dVpg 1S
continuous at saturation point.

Our parameter extraction starts from the experimental determination of (V g, lyea)

from the Ipg-(dVpg/9lys) plot as shown in Fig.3 in a systematic and unambiguous way ,
which is based on the finite drain conductance duc to the channel length modulation in

saturation. The parameter o and the saturation velocity are found from linear regression as
shown in Fig.4. Our calculation of I-V characteristics using extracted parameters show
cxcellent agreement with experimental results as shown in Fig.5 and Fig.6 for the entire
Vs Vs @and Vg (Vg dependence is not shown here).

The extracted parameters also agree well with independent measurement results and
thus are very physical. Our unificd model and parameter extraction are very suitable for
circuit simulation, process characterization using computer controlled measurement system
and statistical yield analysis due to parameter variation.
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Fig.3 Determination of sturation point and Vi from ls*Rus plot.
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Fig.5 Comparison of Ipvs. Vggs characteristics for Vpg= 0.1V

and 5V between measurement (dots) and unified -V
model (lines), showing the DIBL effect.
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Fig.2 Measured mobility vs. {VagrVin) plot for different
substrate bias, showing universal and linear
dependence of mobility on (VgeV ).
-
P
8
2
=
O
>
© W/L=20/0.67 [um)]
A A W/L=20/0.87 [um]
n = H
w (o) W/L=20/1.07 [um]
l e 1 1 L A 1
0 2 4 6 8 10 12

Drain-to-source current [mA]

700 T T T T y
j o
- / Vsub = OV
R

rxlzsn /{(VarxVasat )

Fig.4 Extraction of aand v ., Rn = 1/WCoxvsat.
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Fig.6 Comparison of | s, Vpgcharacteristics for Vgg= 2,3, 4, 5V

between measurement {dots) and unified {-V model {lines)
for W/L-20/0.87 [um] nMOSFET. Vy, = 0.65V.



