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Recent developments in VLSI and VHSIC 
programs have indicated an ever-increasing 
importance of high-field effects in limiting the mobility 
in these devices. Considerable effort has been made to 
increase the speed of the devices using the collision­
free ballistic transport phenomenon. These studies are 
based on classical concepts which treat the electron as 
a classical particle being accelerated by an electric 
field . The mobility is then limited by collision 
mechanisms dictated by one or more of several 
scattering interactions. For isotropic scattering 
interactions, e.g. acoustic-phonon scattering, the 
collision broadening of this classical electron is hr - 1, 

where r is the relaxation time. In n-Germanium [1J for 
example, at 77 K hr- 1 =0.35 meV for r",,1.9 x 10 - 12 S, 

and at 300 K, hr - 1 = 2.69 me V if r -1 ....., T 3/2 is assumed 
for acoustic-phonon scattering [2]. hr - 1 « k B T at 
both these temperatures (kBT=6.7 meV at 77K and= 
26 meV at 300 K). This means collisions do not 
appreciably change the unperturbed distribution 
function. This is the low-field (Ohmic limit) regime of 
the scattering transport, where the energy gained 
during the mean free path L= vr (v is the velocity of an 
electron) is small compared to the thermal energy of 
an electron. 
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In the other extreme is the hot-electron regime, 
when the electric field is very high in a semiconducting 
device. In this regime, the wave character of an 
electron cannot be ignored. Then, the position of an 
electron is uncertain by an amount Ao= hl p, where 
p = m* v is the momentum of an electron with effective 
mass m* and velocity v. In an electric field £, this gives 
an energy uncertainty ~E=e£Xo. The corresponding 
uncertainty in time is now rF""h/~E=f1/e£lo. This 
gives a field broadening f1r; 1 = e£).o which may 
suppress the collision broadening at sufficiently high 
electric fields, and hence limit the mobility. For n­

Germanium at room temperature (with 

p=J2m*k B T), Xo ",,27A if an average mass 
m* ~0.2mo (where mo is the free electron mass) is 
taken. Therefore hr; 1 = hr -1 at a critical electric field 
£* "" 1 200 V /cm, where the onset of nonlinearity takes 
place [3J and field broadening becomes very 
important. At sufficiently high electric fields, this field 
broadening may suppress the collision broadening. 

Taking these considerations into account, a radical 
transformation in our thinking of high-field transport 
is required [4J. By an extension of the formalism in [4J 
and using the Chamber's intuitive method [5J of 

The Arabian Journal for Science and Engineering, Volume 10, Number 2. 203 

http:0377-9211/85/020203-03$01.00





