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The impact of electron velockty overshoot on MOSFET
scaling is investigated The calibration of a 2-D device simmlator
MEDICI to experimental data is first descibed Then, NMOS
scaling trends are studied using the calibrated shmulator. Tnversion
Iayer quantization effect a5 well as polysilicon gate depletion are
taken nto accoumt and shown to have 2 significant impact on
NMOS current drive. The resulis show that velocity overshoot will
allow the continued ephancement of the NMOS current deive,
despite the scaling of power sapply voltages.

Stmulator Calibration

As MOSFET size scales in the sab<quorter micron
regime, electron velocity overshoot becomes an important fictor in
enhancing the -device-current -drive. Duoe. to high electric field
gracient In a short channel device, electron velodity can exceed the
saturation velocity vabie vickding current drive higher than that
predicted by conventional models and simulators. This high
current drive was observed at room temperature in {3 A direct
observation of electron velocity overshoot using special devices
with the nominally uniform feld in fhe channel was.done I [21.

Recently, several 2-D device sirmwdators that incorporate
velocity overshoot effect by solving energy-balance equations
appeared [3, 4] These simuiators, however, require that the
velocity overshoot parameters of these simmudators, such a5 energy
relaxation time, be calibrated to match the experimental data. The
amount of velocity overshoot is very sensitive to the chanpel
electric field profile, thercfore the simplest - uniform - profile is
desired. The thick oxide devices, such as used in {2}, are the ideal
candidates for such calibration. By applying 2 gate voltage that is
much Iarger than 2 drain voltage, and due 1o very thick oxide, 2
uniform tangential field is produced.

The simuiator has been calibrated by matching it to the
experimental datz fom four test devices with channel lengths
{0.43 pm, 0.33 jm, 0.23 wm, and 0.13 pum). The oxide thickness is
500 & and the uniform doping in chanmel is 2710 /cn®, Saturation
velocity was found to be 8'10° cnvsec, as determined by the
experimental measwrernents [2], and was wused as 2 universal
parameter. mwmmm&mmm@m@m
parareter set 10 0.32 ps, and finther used pmiversally. -

For Ly033 and 043 pm, the conventional drifi-
diffusion and energy balance (Le. velocity overshoot) sironlation
lower currents. The difference is drastic, however, for the case of
Ly0.13 pm. In this case, the “energy balance” simulation agrees
well with the experiment, but the drifi-diffusion simulation vields a
substantially lower current. The reason is that electron velocity
overshoot is more important i shorter channel devices. Thas, the
conventional drifi-diffusion model becomes inadequate for the
accurate prediction of the device characteristics.
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Device Scaling
Device scaling trend was studied nsing the calibrated

MEDICI simulator. For thin oxide devices polysilicon depletion

and inversion layer quantization effecis start to significantly
inflnence current drive. To take these effects into acconnt, 2 silicon
region doped with 3x10"/c® phosphoras was defined on top of
gate oxide, and @ gate electrode on top of that silicon region
Polysilicon gate depletion can be modeled with the depletion of

that silicon megion 6] The ipwversion layer thickmess was
“calculated using 2 coupled Poisson/Schrodinger equation solver
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n the gate oxide, the m %, 3 s?sgwg, increases, which
makes Inversion layer ybrToation .

Ammm{@m%}m@ﬁxm.
diffosion simwmlation with and withomt poly depletion and
quantized mversion layer capacitance Is-observed. Thus, velocity
ovesshoot would be bard fo experimentally observe and muatch 1o
%m&iy&mlmédn%h&ﬁmm&ngfwm depletion and
inversion laver quantization The energy-bolance simwlation
predicts a substantially higher current drive for future techuoologies.
with velocity overshoof) results increases from 10-15% for sub-

- 0.25 pm technologies to 35-45% for sub9.1 mum Momover,

aithongh drift<Effasion simulation predicts 2 shight current drive
degradation due to 'V reduction, current drive stifl improves doe
o velocity overshoot. The amount of improvement due to velocity
overshoot i a very strong function of series resistance. Not only
carrent degrades with R, but also the 1atio of energy balance to
drifti-diffesion curments. Also, the output resistance is somewhat
degraded
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Fig. 1. SOI structure with thick fromt oxideisusedt0  Fig 2. The tangential electric field along the Fig. 3. Velocity can transiently overshoot the
make tangential electric field uniform. Thisis channel with Vg varying. At high Vg the field is saturation velocity significantly.
necessary for 2D simulator calibration. close to linear. «
4 experimental data by
88 . B . energy balance it i3 P—
- 2 €8~ x drit-diffusionfit o7 )
< £ 67} : \\
50.6 :é: o6t g: 173 B . v
ol b
$ g ost | T S "\\
e oal BT e I — s
= B. - ey
- &} - B g
&) = 83+ A .-;
= £ ozt ol m—
a = 01r 1,,~0.13pm a2 S &t
e &5 . 1e 15 .20 %00 es 10 15 28 at €2 3 04
Drain Voltage (V) Drain Voltage (V) L o Gm)
Fig. 4. Energy balance sirmulation agrees well Fig, 5. Drifi-Diffusion strulation significantly differs E?g. &. As I.eﬁ“demmm Drift-Diffusion
with the experimental data. Energy relaxation ime  from experimental data while energy balance simulation differs more fror Energy
1s 0.32ps. RMS exror of fitis 0.54 %. simulation is accurate, RMS.error of fit is 0.35 %. - Balance simulation and measurement data.
Mz — - S—
FeareSize(u) | 5 35 | 25 | a8 | a3 | 0o | 06 g o7 I
Power Supply — Py
Vohiage, Vil V) 50 33 25 20 18 135 12 é oy am—— o
MOSFET Gate = At e
Onide, T (B) 140 85 35 40 38 30 25 = 0.6 " oy Gartiatan
Threshdd Voliage | 3 \
V,(V) 7 3 45 4 4 35 30 <
Series Resistance 4 ° < O
ReRd(Q%m) | 550 | 500 | 45 | 410 | 38 | 3% | 30 T 05- e s
Ioversion faver
Thickness X (&) 19 18 15 14 i3 12 11

OSum  025um &.Ium  9.86um
Table 1. Parameters for different technology generations. The parameters ave estimated nsing Fig 7. Dofi-Diffusion simulations, with and without poly
the SIA roadmap. Inversion laver thickness is extracted fom quantum-mechanical simulation.  depletion and quantization, stgnificantly under-predict the
futore saturation current drive.
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Fig. 8. Current Joss due to poly depletion Fig. 9. Rout is degraded as a result of velocity g 10. Current drive improvement due to
and imversion laver auantization effects. overshoot. velocity overshoot diminishes as Rs increases.
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