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I ntroducti on

Modern VLSI-circuits require a high degree of
miniaturization, which is in principle achieved
by employing scaling laws.
However, keeping the voltage supply on the stan-
dard 5V there will be electrical fields of con-
siderable strength in the device. The basic task
of device simulation is to optimize the device
in such a way that parasitic effects like sub-
strate current and oxide injection will be mini-
mized. In this presentation we will show how
hot-carrier effects will modify carrier density
and current density distributions within the
device, which are crucial to determine the above
menti oned phenomena.

MINIMOS 3.0

Current device simulations are based on the con-
ventional semiconductor equations. Here high
field effects are accounted for by a field de-
pendent mobility for velocity saturation and
simple models for impact ionisation C1] which
gives the substrate current. Up to now there is
no code available that takes heed of the strong
non equilibrium situation of carriers in high
electric fields. In the simulation programm MI-
NIMOS 3.0 a selfconsistent treatment of the hot
carrier problem is given. It is based on the
hot-el ectron formul ati on published el sewhere [21.
The key is a modified current equation with a
selfconsistent mobility and carrier temperature
model [3]

j = q,unE + q,u grad (UTn) (1)
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Here U is the thermal voltage kT/q, ct the
energyTPelaxation time, and v the saturgtion
velocity. The mobility is comOosed of the usual
isotropic contribution containing bulk (LI),
surface (S), and velocity saturation (F). In ad-
dition we have an anisotropic contribution due
to the presence of the Si/SiO 2-interface [3]
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Here x is the distance perpendicular to that in-terface and the function o(ix) tends to infinity
as x goes to infinity.

Hot-electron effects in n-channel MOSFET
In Figures 1-7 we show the electron density, e-
lectronic temperature, and electron current den-
sity distributions as calculated for a typical
short channel MOSFET with gate length 0.7/um.It has AS-source/drain and an oxide of 1f7 gmthickness. The substrate doping is NA=10 cm .A channel implant was used to adjust the thres-
hold voltage. The device was biased: U =U =0
U =1V U =5V. This provides a situatioA wRereh9t elecqron effects should be substantial. We
compare the conventional results, including im-
pact ionisation, as calculated with MINIMOS 2.9
with the new hot carrier version of MINIMOS 3.0.As expected from previous studies, the minory
carrier density is distributed smoother [4], es-
pecially in the high field region near drain.Due to the low absolute electron concentration,compared to the substrate doping, the fields do
not change appreciably in this region. Quitedramatic, however, is the redistribution of the
electron current density as shown in Figures 5
and 6. Hot electron effects push the current
density deeper into the bulk region. Therefore
the average distance from the Si/SiO interface
is increased, similar to the electrog density.
This redistribution of electron current and e-
lectron density will considerably influence sub-
strate current and oxide injection. Preliminarystudies show that, provided the same drain cur-
rent is assumed, the substrate current will de-
crease. In Figure 4 we show profiles of the e-
lectron density at different positions of the
channel. The solid lines are located in the mid-
dle and show only little modification. The bro-
ken lines, placed at the drain end, show sub-
stantial changes. Comparing this with the elec-
tron temperature plot in Figure 3 shows its cor-
respondence with the hot electron effects. Simi-
lar profiles are shown in Figure 7 for the elec-
tron current densities. The bump in the current
density at x-7 nm is caused by the doping de-
pendence of the mobility and is generated bythe channel implant.
All calculations were performed on a SIEMENS VP
200 vector processor.
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Fig 3: Electron tetperature distribu-
tion at the drain side of a
short channel MOSFET.

Fig 1: Electron density at the drain
side of a short channel MOSFET.
Conventional simulation.

I I C-

I
-m

I

11-

\ - ..-

\', -- _- /

' electron

current density

Leff = 0.5im
TE - 0.0

,It -1

Fig 5: Electron current density dis-
tribution at the drain side of

a short channel MOSFET. Con-
ventional simul ation.

Fig 2: Electron density at the drain
side of a short channel MOSFET.
Hot carrier simulation.
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Fig 6: Electron current density dis-.

tribution at the drain side of

a short channel MOSFET. Hot

carrier simulation.
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Fig 4: Profile of the electron den-
sity at different positions of
the channel. Solid lines: mid-
dle of channel y-0.35 um
broken lines: drain rgi;on
y-0.57/um. y-0 corresponds
to the source side of the gate
contact. A subdiffusion of
O.1lum is assumed.
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Fig 7: Profale of the electron cur-
rent density atdyfferent po-
sitions of the channel. Speci-
f1cations see f104.
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