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The objective of this work is to develop a compact MOSFET model with minimum measurement data
and model parameters as well as a one-iteration parameter extraction for deep-submicron MOS technology
development. This has been achieved with our novel approach in model formulation, which results in a
unified one-region equation that resembles the same form as the long-channel equation. It has been verified
with experimental data from 0.25-nm CMOS shallow trench isolation (STI) technology wafers.

To summarize the unique features of our approach: (i) Accurate modeling of threshold voltage (V;), based
on the “l¢it@Vo” definition [1] in which series resistance (Ry) is embedded, is first carried out, which does
not require any knowledge of mobility and series resistance but is a critical point on the I- V curve. The V;
model has 11 parameters including physically-derived nonuniform doping and workfunction (Nch, j m),
charge sharing (I, db), barrier lowering @, j o), V: roll-up (b, ko, ki), and DIBL (ch, j1). (ii) Effective
channel length (L) (or lateral LDD diffusion, s) is determined together with V4, with a fixed DL = 2sX;.
(i) Semi-empirical mobility model (naro) has 3 (physical) parameters (m, ma, M) to be extracted from long-
channel lgs- Vgs(low Vgs, zero Vi) data, followed by bulk-charge factor (z) extraction at high Vgs. At long
channel, Ry and channel-length modulation (CLM) are insignificant. (iv) With fixed Let, Ry is modeled
semi-empirically by Ret + U/(Vgs- Vi), and extracted at short channel (r, u) where CLM can still be ignored
a low Vgs. (V) With a newly-derived saturation voltage (Vysar) and the extracted Vi, ng, and Ry, CLM is
modeled based on quasi-2D velocity overshoot [2] but has the same 14s form with a new effective Early
voltage (Vaefrr) to be fitted to the lgsat - Larawn data (for X). (vi) The on-state lgs model (*1st-order™) is then
extended to subthreshold (“2nd-order”) with an effective gate overdrive Vgerr) replacing Vgs- Vi, which
differs from BSIM formulation [3] with the correct diffusion current for all Vys but still retains the same
compact form. Only one parameter {/of) is required to be extracted from the log(lgs) - Vgs data with
minimum V; where edge-leakage current has minimum contribution. (vii) A novel approach to modeling
edge-leakage current (“3rd-order”) in STI structures demonstrates the accuracy and efficiency of our model.
The same MOS lgg(Larawn, W, Vi) equation is extended to model the edge-leakage current with a new width
W and a scaled threshold \{oV;, together with a diode-leakage current (1) added to Iy, by fitting to the
log(lgs) - Vgs datawith maximum V; (@Lgrawn = 0.8 mm) where edge leakage is most significant compared to
the main MOS current. Following [4] for V; process correlation, this paper presents prediction of on and off
currents on other wafers with a simple diode-leakage correlation to implant dose from long-channel device.

Our model requires only 13 I- V sweeps (10 for extracting |4it@Vio) plus 42 point (, V) measurements,
with one-iteration 11 steps to extract its 23 parameters. The BSIM3v3 parameters are extracted with
BSIMPro automatic extraction using all available I- V data. Sample results are shown (Figs. 1, 2), in which
none of the I- V data has been used in our model extraction. Prediction of Ion/los for wafers #17~#19 (Figs.
3, 4) isaso fully done by our model with implant dose (F) as input without use of those wafer data.

The potential impact of our 14s model as well as the approach is tremendous in providing a quick and
reliable tool for deep-submicron technology developers and a circuit model with process variables as input.
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Fig. 3 Predicted saturation currentslo, - Lgrann (lines) through correlation to long-channel V; with implant dose.
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Fig. 4 Predicted leakage currentslqys - Lgawn (lines) through correlation to long-channel V; and | .



