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ke have obscrved the relaxation of cnergy and momentum Gads MESFET with 0.5 micron
gate lenglh by means of MYonte Carlo particle simulation. The result is compared with
oncs oblained by using Lhe steady stale data in a single-particle Monte Carlo
simulation for an uniform clectric-ficld case.

_RELAXATION OF ENERGY AND MOYENTUM 1N THE DEVICE

The drain voltage in Fig.1 is suddenly changed from 1V to OV in order to simulate

Lhe relaxalion process. Fig.Z shows Lhe Lime response of cnergy and population of I'-
valley. The tinme responsc al the two points wilh almost same cnergy in the ON state
are shown together in the [igure. The differcnce between the relaxation times lor
the solid and dotled lines is not so large. Fig.3 shows the time responsc of momentum
at the source side of Lhe encrgy peak. The circles in Fig.4 shows Lhe relaxalion
Limes. The solid line in Fig.4 shows the same results obtained {rom the stcady state
data in a single-particle Monte Carlo simulation for an uniform electric-field case.
Although the circles arc [airly scattered, it has been found that the circles are
fairly less than the solid line for energy greater Lhan 0.25 coV.

TRANSPORT EQUATIONS WTTH RELAXATION TIMES OF ENERGY AND MOMENTUM

Using the transport cquations wilh Lhe relaxation times, Tp and Te arc able Lo be

cvaluated [rom the steady state distributions of clectric field, average encrgy,
carrer concentration and average velocity in Lhe ON-state, if the influence of the
boundaries ol the device is negligible. Fig.5 shows Lhe resulls on Tp and Te obtained
by using Lhe data on the drain side of the cnergy peak. Although the present resulls
arc [fairly scallered, the closed circles for Tg agree with.the solid line. On the
other hand, the open circles for T, arc considerably small compared with the dotted
Tinc. It is obvious thac the therral cquilibrium condition in the drain clectrode is
responsible for Lhe small Tp. The influence of the drain clectrode on the T¢ is not
so large. The situation changes drastically in Lhe source side of Lhe cnergy peak,
namcly underncath the gate. Fig.6 shows the values for ag and «p which are defined
by ag =1-5/3XN-V e )/W-F), ap=1-2/3(3¢ /3z+( € /n)dn/dz)/(q-Fz),respectively. It
is obvious that the negalive valucs of them are physicaly mecaningless. This means
that the cquations undercestimate & and overestimate V underncath the gale in
comparison wilh the multi-particles simulator. Consequently it is considered that Lhe
cqualions arc nol valid or less accurate in the region of ncar ballistic Lransports.
In Fig.7 the difference between the thermal kinctic encrgy {(dotted line) and the
total cnergy (solid line) is the kinctic encrgy of electron drifl. Neglecting the
kinetic cnergy of elcctron drift underncath the gate may cause further inaccuracy.
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Fig.1 A schenatic device structure of Gas MESFET ég;
and parlicles distribution of the OV stcady stale : 2
Le=0.5pn, A=C.1pn, Vg=-0.3V, T=300K, n=10""cn™ 3. 0 0.2 06
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0.3 1.0 Fig.3 Response of momentun (solid line) and Lhe
solulion {dotled line) of Lhe diffcrential equation
dP/dl=m¥V-P/ tp abt 7t p=constant.
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Fig.4 Relaxation tinmes of cnergy {open circles) and
momentun {closed circles) cevaluated from the tine
responses. Solid and dolled lines show the rclaxation
tiues of energy and momentum, respectively, oblained
by using the single-particle Yonte-Carlo sinulation
for an uniform electric-ficld case.

Fig.2 Response of energy and population of I-valley
at six points in the channel. Solid and dotted lines
denote them at Lhe source and drain sides of the
energy peak, respectively.
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Energy (eV) Fig.6 w«e¢ and «, defined by e =1-5/3(¥ -V ¢ )/(y-1)
s aP=1-2/3(3 £ /ov+ (e /n)Jn/cE'/,)/(q-Fz),rcspchive]y,
Fig.5 Relaxation times of cnergy {closed circles)

and nonentum {open circles) calculated from the equa-

Lions proposcd by Cook and Frey using the data of Lhe ,\0'5§
steady state in the device. Solid and dotted lines i}O'L
show the enerpy and nonentum relaxalion timcs, respe- 0.3
clively, obtained by using the zsingle-particle Monte- E?O.Z
Carlo sinulation for on uniforn electric-licld case. L% 0.1
0.0
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on of the thermal kinclic energy

{(dotted line) and the Lolal encrgy (solid line).
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