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A theoretical research of the indium phosphide impulse properties has been carried out. The effect of the
"overshoot" of the charge carriers drift velocity is analyzed. The influence of the electric field impulse parameters
on the time and space distribution of the drift velocity was analyzed numerically. It is shown that the effect of the
high electric field rectangular impulse on indium phosphide causes a short-term "overshoot" of the drift velocity. If
the electric field is becoming stronger, the peak value of the drift velocity is getting higher but the duration of the
"overshoot" is reducing. It is showing that the impulse duration does not affect the magnitude of the "overshoot" and
the rate of relaxation processes. With increasing of the rectangular Impulse front duration peak values of high field
"overshoot" are reducing. The impulse properties of indium phosphide and gallium arsenide were compared.
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1. INTRODUCTION

The improvement of semiconductor electronic
components and devices requires a theoretical re-
search of the properties and technological develop-
ment of new materials. One of the well-proven materi-
als among of binary compounds is indium phosphide.

The purpose of this article is to research the in-
fluence of ballistic effects on drift processes: the time
and space distribution of the drift velocity under the
impulse effect of the electric field. The results of nu-
merical modelling give the new information about the
dynamic properties of InP in a high electric field.

2. MAINPART

A numerical experiment was carried out using a
technique based on the relaxation equations for con-
servation of momentum, energy, and concentration
[1]. The calculations were performed using the initial
values of the material parameters described in [2], [3].
The corresponding field-velocity relation of indium
phosphide is in good agreement with the experimental
data [3-9] (fig. 1).

The presented field-velocity curve corresponds
to the static electric field mode. It is known that the
phenomenon of "overshoot" of drift velocity is mani-
fested if the impulse electric field is applied. It leads to
a significant, several times, increase of the drift veloc-
ity in comparison with its steady-state value. Fig. 2
shows changes (temporal and dimensional) of the drift
velocity under the abrupt increase of the electric field
strength, as well as the dynamics of the population of
the valleys, electron temperature, momentum and en-
ergy relaxation times. The calculation was done for
the amplitudes of a rectangular impulse corresponding
to the characteristic values of the field-velocity char-
acteristic presented: 2,7 kV/cm and 70 kV/cm — "low"

and "high" electric field with the same value of vg,, 10
kV/cm — "critical" for InP electric field, 100 kV/cm —
saturation mode vy. The pulse duration 3 ps corre-
sponds in the order of magnitude to the largest interval
(35) TE-
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Fig. 1. Field-velocity curve of indium phosphide:
modelling results (solid) and experimental
(dashed and dotted), taken from [3]

A ballistic movement, without scattering proc-
esses, of an electron in the electric field E with the
acceleration eE/m* corresponds to the ascending sec-
tion of the curves vg(t) (fig. 2.a). At the same time,
with the increase of the drift velocity, the electron gas
heats up (fig. 2.b), creating conditions for the process
of redistribution of electrons between the valleys (fig-
ure 2.c). After the time of the order of t,, the time-
dependence vg(t) decreases, which is related to the
increase of the population of the upper valleys
(fig. 2.c) and relaxation processes (fig. 2d, 2.e). The
transient process of the drift velocity is completed by
the attainment of a steady state, to which the parame-
ters of the drift motion in a static electric field corre-
spond.
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Fig. 2. Effect of the rectangular impulse on: (a) drift velocity vq,; (b) electron temperature Te; (c) population of the
I"-valley br; (d) momentum relaxation time <, (€) energy relaxation time t; (f) drift velocity space distribution

The abrupt increase of the electric field leads to a
short-time excess (“overshoot") of the drift velocity
against the steady-state value. As the amplitude of the
high-field pulse increases, the peak values vg(t) in-
crease (by 4 ... 12 times). The electric fields at which
the heating of the electron gas leads to a significant
(more than half) decrease in the population of the low-
est valley (for indium phosphide, the T'-valley) can be
attributed to high ones. In high fields — 30 kV/cm, 70
kV/cm, 100 kV/cm (fig. 2.c), the effect of the negative
"undershoot" of the drift velocity is also observed on
the curves vg(t), a decrease below the stationary value.
This effect is caused by the difference in the relaxation
times of electrons moving in the opposite direction
along the field. In the well-known literature is shows
that with the undershoot effect, the drift velocity can
be negative, and for the research the Monte Carlo
method is only required [10].

The space distribution of the drift velocity vg(x)
is calculated from the time dependence of vy(t)

t
u0=jwom.
0

It is found that the length of the "ballistic distance"
with increasing of the electric field strength is reduced
(fig. 2. ).

Fig. 3 shows the dynamics of the drift velocity
under the effect of the electric field impulse (with the
amplitude of 70 kV/cm) of different duration.

In this numerical experiment the peak value vg,
and the rate of relaxation processes are independent of
the pulse duration.

A theoretical research of the response on the
trapezoidal pulse of the high electric field was carried
out. Duration of the front and rear edges of the electic
field pulse is chosen to be the same. Fig. 4 shows the
results of modelling of the response to a high-field
pulse with different front durations (at the electric
field strength of 100 kV/cm).

As we can see from the graphs, an increase of the
pulse front edge of the high electric field leads to a
significant decrease of the electron temperature and a
less increase of the impulse relaxation time. The first
factor leads to a later devastation of the I'-valley. A
more fluently increasing of electric field reduces the
magnitude of the "overshoot" of the velocity of the
ballistic motion of the carriers. The resultant effect of
these factors is a decrease of the "overshoot" vg and
its delay.

The results of calculations showed that an in-
crease in the duration of the pulse front of a high elec-
tric field:

o reduces the peak drift velocity;

e increases the length of the "ballistic dis-

tance";

o weakens the undershoot effect.

The conducted researches are actual for devel-
opment of nano- and picosecond equipment.
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Fig. 3. Dynamics of the effect of a rectangular high field impulse of the different duration on: (a) drift velocity vg;;
relaxation times of the pulse 1, (b) and the energy te (C)
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Fig. 4. Dynamics of the effect of a rectangular high field pulse with different duration of the fronts: (a, b) drift ve-
locity vqr(t), var(X); (C) electron temperature T; (d) momentum relaxation time t,,; (€) population of the I'-valley
br. Amplitude of the electric field pulse is 100 kV/cm. The front durations varied from 0.1 ps to 0.5 ps.

3. Conclusions

The effect of a rectangular impulse of a high
electric field on InP leads to a short "overshoot" of the
drift velocity. With the increasing of the electric field,
the peak values of the "overshoot" are increasing, and
the duration of the "overshoot" is reducing, corre-
sponding in order of magnitude to the values of t,(E).
In the numerical experiment, the maximum drift ve-
locity (13,3-10° m/s) was obtained under the amplitude
(electric field strength) of the pulse of 100 kV/cm.

The pulse duration does not affect the magnitude
of the "overshoot" and the rate of relaxation processes.
As the duration of the rectangular pulse front of the
high field is increasing, the peak values of the "over-
shoot" are decreasing.

The InP has a GaAs-like band structure, which
leads to a similar mechanism for the origin of the drift
velocity "overshoot". Comparing the impulse proper-
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ties of InP and GaAs, the most used Az;Bs compound
semiconductors in electronics, we note:
e in the impulse mode of electric fields up to ~ 30

kV/cm, the largest values of vy, are for GaAs [3];

e in the impulse mode of high electric fields

(above ~ 40 kV/cm), the largest values of vg, cor-

respond to InP.

The effect of the "overshoot" makes it possible to
significantly increase the average carrier velocity at
distances of the order of 0.1 um, that is relevant for
submicron devices.

The results of numerical modelling give the new
information about the dynamic properties of InP in a
high electric field. The conducted researches are ac-
tual for development of nano- and picosecond equip-
ment.
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T. A. Cayposa, /I. Il. Ky3bmeHnko

Hayionanonuit mexuiynuti ynieepcumem Yxpainu «KuigcoKkuii nonimexuidHuil iHCmumym imeHi
leops Cikopcokoco», Kuis, Yxpaina

JIOCJIJKEHHS IMITYJIbCHUX BJIACTUBOCTEM ®OCPITY TH/IA

[IpoBeneHo TeopeTHyHe AOCHIKEHHS IMITYJIbCHUX BJIaCTUBOCTEH (ocdiny inamito. JlaH aHami3 eQeKTy «cIuiecky»
npeiidosoi mBUaKOCTI HOCIB 3apsiny. [IpoBeneHO UncenbHUI eKCIEpHMMEHT BIUIMBY NapaMeTpiB iMITyJIbCY €IeKT-
PHUYHOTO I10JIS1 HA TUMYACOBUH Ta IPOCTOPOBHH po3moain apeidosoi mBuakocti. IlokazaHo, mo Ais NpSIMOKYTHOTO
IMITyJIbCY CHIJIBHOTO EJISKTPHUYHOTO 1ojs B InP mpHu3BoAWTH 10 KOPOTKOYACHOTO «CIUIECKY» IIBUAKOCTI Jpeidy.
OTtpumaHno, 110 3 MOCHICHHSAM IOJIS TKOBI 3HAYEHHS MIBHIKOCTI 3pOCTAIOTh, @ TPUBAIOCTI «CIUIECKY» CKOPOUIYIOTh-
cs. IlokasaHo, MmO TpHWBANICTh IMIyIbCy HE BIUIMBA€ HA BEIHUYMHY «CIUIECKY» 1 IIBHIKICTh peTaKcamiiHUX
nporeciB. 3i 30iIbIICHHSIM TPHUBAJIOCTI PPOHTY MPSIMOKYTHOTO IMITYJIBCY CHUIBHOTO ITOJISI MIKOBi1 3HAYEHHS «CILIe-
CKy» 3MEHIIYIOThCS. [IpoBeeHO MOPIBHAHHS IMITYTECHHUX BIACTHBOCTEH (ocdiny iHAIIO Ta apCeHixy Tajiro.
Kurouosi ciioBa: dhocdiz iHaito, iMITyIbCHI BIACTUBOCTI, €PEKT «CIIECKY» APei(OBOi MIBUAKOCTI.

T. A. Cayposa, /I. Il. Ky3bmeHnko

Hayuonanvnvui  mexuuueckuii  ynugepcumem  Ykpaunul
uncmumym umenu Heops Cuxkopckozoy, e. Kues, Ykpauna
WCCJIEJJOBAHUE UMITYJIbCHBIX CBOMCTB ®OCPHIA UH]IUA

[IpoBeneHo TeopeTHyeckoe MCCIIEIOBaHNE UMITYJILCHBIX CBOHMCTB (ocduna uaaus. Jan anamus sddexra «Bemie-
cKka» apei(oBoii ckopocT HocuTenel 3apsaaa. [IpoBeneH YUCICHHBINH SKCIIEPUMEHT BIMSHHS [TapaMETPOB UMITYJIb-
ca IIEKTPUUYECKOTO I0JIsl Ha BpEMEHHOE U IIPOCTPAHCTBEHHOE pacipeeseHne apeidosoii ckopoctu. [TokazaHo, 4yTo
JeHCcTBHE TMPSIMOYTOJIBHOTO HWMITYJIbCa CHIIBHOTO 3JIEKTPHUYECKOro Mot B INP MpHBOAWT K KPaTKOBPEMEHHOMY
«BCILIECKY» cKopocTH apeiida. ITomyueHo, 4TO ¢ yCHIEHHMEM IIOJIS ITUKOBBIE 3HAYECHUSI CKOPOCTU BO3DPACTAIOT, a
JUTNTENIFHOCTH «BCIIECKa» COKpamiarorcs. [lokasaHo, 9TO UIMTENBPHOCTh WMITYJIbCa HE BIMSACT HA BEIHUYHHY
«BCIUIECKa» M CKOPOCTh PENIAKCAIMOHHBIX NporeccoB. C yBEIMYEHHEM AIUTEIHHOCTH (PPOHTA MPSIMOYTOIBHOTO
HUMITyJIbCa CHJIBHOTO ITOJISI IMHUKOBBIE 3HAYCHHS «BCIUIECKA» yMEHbIIAaloTCA. IIpoBeneHO cpaBHEHHE HMITYIBCHBIX
CBOMCTB (pocdua MHIUS U apceHHa TalIHsL.

KuroueBble cjioBa: Gpochun HHINSA, UMITYIbCHBIE CBOWCTBA, 3 (EKT «BCIUIECKay ApeiidoBoil ckopocTy.
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