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ABSTRACT KEYWORDS
In thiswork, an investigation of the steady-state electron transport and Electron Transport;
transient electron transport at high electric field and low-field electron Monte Carlo simulation;
mobility characteristics of wurtziteZnO and Zn, Mg O areexamined using WurtziteZn, Mg,O,

the ensemble Monte Carlo model. The Monte Carlo calculationsare carried
out using a three-valley model for the systems under consideration. The
following scattering mechanisms, i.e, impurity, polar optical phonon and
acoustic phonon areincluded in the calculation. The maximum electron drift
velocity that is obtained at room temperature for 1022 m= donor
concentrationsis2.36x107 cms* for ZnO in threshold field 461 kV/cm. While
the maximum electron drifts velocity is 1.65x10" cms* for Zn Mg, Oin
threshold field 861 kV/cm. The maximum electron mobility for ZnO886 crm?/
V.sandfor Zn, Mg Oinvariuosamount x=0.05, 0.1 and 0.2is304, 132 and
33 cm?/V.srespectively. It can be seen the peak drift velocity for bulk ZnOis
2.36x107 cms*, whilefor Zn, Mg, O the peak drift vel ocity decreasesdueto
increasing electron effective mass. The electron mobility of Zno is more
than ZnMgo alloysat all temperatures becauseelectron mobility behavior
dependence on effective mass and ionized impurity concentration.
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Effective mass.

INTRODUCTION large polar optical phonon energy. ZnO isan exhibit

favorablee ectron transport characteristic so anumber

Recently, thematerid propertiesof ZnOand Zn,
Mg, O haveattracted much attention*?. Thisinterest
hasbeenfudled, inlarge measure, by the considerable
promisethat these materials offer for novel eectronic
and optoelectronic device. ZnO possesses material
propertiesthat makesit particularly suitablefor anum-
ber of important el ectronic and optoel ectronic device
gpplications. Theimportant propertiesfor ZnOinclude
itswideand direct energy gap of 3.37 (eV), small ef-
fectivemass, largeinter valley energy separation, and

of studiesof the electron transport that occurswithin
thismaterial have been reported over theyears. Based
on thesefundamental properties, ZnO hasmany appli-
caionsintheshort wave ength region, such asopticaly
pumped lasers, UV light emitting diodes, detectors, solar
cdls, gassensor and many other advantages, makeZnO
astrong candidatefor the next generation of ultraviolet
light emitting and lasing devicesoperating at high tem-
peratures and in harsh environments*12, In 1999,
Albrecht et d. reported on Monte Carlo simulations of
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Figurel: Calculated electron steady-statedrift velocity in
bulk ZnO,zn Mg, O, Zn Mg, ,OandzZn Mg, O at T=300
K and 102 m2impurity concentration
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the steady-state €l ectron transport that occurswithin
bulk wurtzite ZnO wasthat reported by Arabshahi et
al.*9, Studiesindicatethat ZnO withZnMgO dloys
likeZn Mg Ocanimprove some properties optoel ec-
tronic devices™. The purposeof the present paper isto
cd culatedectron drift vel ocity and e ectron mobility in
bulk ZnOand Zn, , Mg Ofor different Mg contentsfor
awiderange of temperature and i oni zedimpurity con-
centrations by three-valley Monte Carlo simulation
anaysisin ten thousand electrons. It is organized
asfollows. Detal sof thesmulationmodd whichisused
inthiswork are presented insection 11, and theresults
for smulation areinterpretedin section 1.

MODEL DETAILS

Theensemble Monte Carlo techniques have been
used for well over 30 years asanumerica method to
simulate non equilibrium transport in semiconductor
materialsand devicesand has been the subject of nu-
merous books and reviews. The Monte Carlo method
asgppliedto semiconductor transport isas mulation of
the trgjectories of individual Carriers as they move
through adeviceunder theinfluence of external forces
and subject to random scattering events. Theduration
of thecarrier freeflights between successive collisions
and the scattering eventsinvolved are sel ected stochas-
tically in accordancewith the given transition probabili-
ties describing the microscopic processes. Two of the
great advantagesof semi classica MonteCarlo areits
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capability to provide accurate quantum mechanical
treatment of variousdistinct scattering mechanisms
within the scattering terms, and the absence of as-
sumption about the form of carrier distribution in
energy or k-space. In our model, the conduction band
isapproximated by non-parabolic multi valley bands,
using the dispersion relation.

n’k’?

E()[L+0,E(k)]=—
wherem* isthee ec%rrgn effectivemassinthevalley
and i is the non-parabolic coefficient in the valley.

The scattering mechanismsconsidered areionized
impurity, polar optical phonon, acoustic deformation
potential andinter valley scattering. Inthissmulations,
themotion of ten thousand electronsare examined in
three valleys.

RESULTS

Steady-state electron transport

Figurel showsdrift velocity-electricfield charac-
teristicsinbulk ZnO and Zn; Mg, O for variousMg
content at 300 K temperature and withthe 102 n3
donor concentration. It can be seen, the electron drift
velocity increasedbyhigh electricfield. Assoon asthe
electronsdrift velocity and eectricfield reached todec-
tronsthermal velocity and threshold field, sotheelec-
tronsarescattered fromI” valley to satellitevaleyswith
higher energy andd ectronseffective massincreases, so
el ectronsmobility decreases. Thereforethis scattering
createsapeak velocity in curveof drift velocity-elec-
tricfield. The simulations suggest that the peak drift
velocity for bulk ZnO is around 2.36x107 cmstin
threshold field 461 kV/cm. Whilefor Zn, Mg, .0,
Zn, ,Mg,,0 and Zn, Mg ,0is 1.65x10, 1.14x10’
and 0.49x10’cms*respectively. The threshold field
for Zn, Mg Ois (x=0.05) 861 kV/cm, (x=0.1) 981
kV/cm and (x=0.2) 981 kV/cm. The results shows
that the electrons drift velocity decreases in
Zn, Mg Odueto haveeffectivemassmorethan ZnO
in satellite valleys, so the electron drift velocity de-
creases. These results of Monte Carlo simulation
haveagood agreement with the others cal cul ation!™.

Figures 2 show the calculated electron drift ve-
locity as afunction of high electric field at the dif-
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Figure2: Calculated electr on steady-statedrift velocity in bulk
ZnO at thediffer ent temperatureand 102 m=impurity con-
centration
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ferent temperature. The decrease of drift velocity
with temperaturein electric field lower than thresh-
old field is due to the increase intra valley scatter-
ing (scattering of acoustic phonons, piezoe ectric and
ionize impurity). Also it shows that the peak drift
velocity decreases by increasing temperaturein high
eectricfield. Thisisdueto that total scattering rate
is increasing with high temperature and total elec-
trons energy decreased, so the electrons population
intheT valley are increased and in satellite valleys
decreases.

Transient electron transport

Transient electron transport is the changes drift
velocity in term of time for different applied elec-
tricfields. Sothat in electric field lower than thresh-
old filed the electron drift velocity reaches steady-
state very quickly with little or no velocity over-
shoot and the electrons arein central valley. By in-
creasing electric field more than threshold filed the
overshoot occurs and the electrons can go to satel-
lite valleys. Because the el ectrons gain more energy
and by pass the timethey could go to the upper val-
ley.

We examined transient el ectron transport in bulk
ZnOand Zn, Mg, ,O. Thetransient responsesof elec-
tronsinthesematerialsarecomparedin Figure3to 5
for different eectricfieldsand temperature. (Inthissec-
tionFiguresDrift velocity areplottedin 3D interm Time
and Distance). Thethreshold filed is461 kV/cm for
ZnO and 981 kV/cmfor Zn Mg, 0. We cal cul ated
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Figure3: A comparison of theveocity over shoot effect exhib-
itedin ZnO and Zn Mg, ,O ascalculated by MonteCarlo
simulation at roomtemperature

transient transport in two electric field like 300 and
560 kV/cm for ZnO and for Zn ;Mg ,O in electric
fields 600 and 1080 kV/cm.

Figure 3 showsthetrangent behavior for ZnO and
Zn, Mg, 0. Inthisstudy is observed for the applied
eectricfiedlower than thethresholdfidld dectron drift
velocity reaches steady-state very quickly withlittleor
no vel ocity overshoot. Incompare, for gpplied el ectric
fieldthat islarger thanthresholdfield, trangent eectron
drift velocity showsasubstantially overshoot. Wenote
that inlow electric fieldsthemost of electronsarein
central valley withlower effective mass, so the scatter-
ing rateisalittleand transient drift velocity reachesto
steady-state very quickly. But by increasingtheapplied
electric field electrons can gain more energy and by
passthetimethey could go to theupper valey. Inup-
per valleys, dectron effectivemassislarger anddso it
causesthescattering rateincreases, too. When the scat-
tering rateincreasesthedrift velocity decreasesand an
overshoot occurs. If gpplied dectricfield becomemore
larger, because the electron can gain energy of field
earlier theovershoot occursearlier. Thetransient be-
havior dependence on temperatureisasostudiedin
Figures4 and 5 for two applied electric field in two
materias. oneof eectricfiedsislower than threshold
field and another isupper than thresholdfield. Inthis
figureshows, for constant electric field when thetem-
peratureincreasesin the steady state position the peak
of velocity decreased and increasing scattering rate, but
thetimebehavior isindependent of temperature. Also
transient drift velocity versusdistanceiscal cul ated.
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Figure4: Thevelocity over shoot effect exhibited in ZnO as
calculated by M onteCarlo smulation at different tempera-
ture
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Figure6: Changestheelectron mobility functionin termsof
temperaturein bulk ZnO andzn, Mg Oat the 10 m*impu-
rity concentration -

Theresult isshown in Figures 3to 5.
Electron mobility

Thedectronmobility ca culatesinlow field because
changing curvedrift velocity-electricfield ishighbefore
threshold field, sothemobility inlow fidldisimportant.
But after threshold fidld, changing drift velocity interms
of dectricfiddisalittle; thereforethe e ectron mobility
isvery low. Satdllitevalleysdo not affect thelow-field
mobility calculationsncenointer valey transfer occurs
at low dectricfiddinconsequently, thelow-field mobil-
ity isattributed soldly to transport of I'valley electrons.

Figure 6 showsthe cal cul ated e ectron mobility in
term temeraturein bulk ZnO, Zn Mg, O,
Zn, Mg, ,0and Zn, Mg, ,Oat the 10? m impurity

and
Zn, Mg, 0is304, 132 and 33 cm?/V.s respectively.
Theresultsindicatethat the electron mobility of Zno
ismorethan ZnMgo alloysat all temperatures. This
islargely dueto the higher valley effective massin
the ZnO phase. Increasing temperture is increased
phonons scattering rate and energy of phonons, so it
causes a strong interaction between electrons and
these phononsthat itsresult isincrease of electrons
scattering rate and finally decrease of the electrons
mobility. Figure 7 show that The electron mobility
decrease by the el ectrons concentrationsincreasing
because el ectronsincreasing causesincrease of ion-
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Figure5: Thevelocity over shoot effect exhibited in ZnO and
Zn, Mg, ,0 ascalculated by Monte Carlosimulation at dif-
ferent temperature
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Figure 7: Changestheelectron mobility as a function of
ionizedimpurity concentration inbulk ZnO, Zn Mg, O,
Zn, Mg,,0andZn Mg O at roomtemperature

concentration. It can be seenthat the electron mo-
bilities at roomtemperature for ZnO is 886cm?/V.s
for zn,,.Mg,..O, Zn,,Mg,,O and
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ized impurity centersin crystalsthat it causes times
more electrons under the influence of the coulomb
potential of impurity centerslocated that itsresultis
increase of electrons scattering rate and finally de-
crease of electrons mobility.

CONCLUSION

In this paper we can be seen, the velocity—field
curvesinbulk ZnO exhibit overshoot peaksfor dectric
fields of approximately 461 kV/cm. The same over-
shoot effect isobservedin ZnO with various Mg con-
tents. While the peak velocity decreases as the Mg
content increases, thefidd at whichthepeak vl ocity is
attained increases. Also, we examined transient elec-
tron transport inthismaterias. It can be seen transient
behavior depended on effective mass, applied electric
field strength, temperature and distance. Thelow-field
electron mobility valuesare extracted fromthe d ope of
thelinear part of each velocity—field curveand then we
showed the é ectron mobility behavior dependenceon
effectivemassandionized impurity concentration. The
ionizedimpurity scatteringinZnOandZn, Mg Oatall
temperaturesisanimportant factor inreducing themo-
bility.

TheZnMgO dloysarestronger than ZnO, because
thethresholdfiddinZnMgO dloysishigher than ZnO.
Thereforetoday’s in engineering science used of these
material sin semiconductors. Comparison of ZnO and
Zn, Mg Oshow the electrons drift velocity in
Zn, M g Oarelesssusceptibility to changing tempera-
ture. Therefore devicesthat are made by ZnMgO al-
loysaremoreres stant versus hightemperature and heet
and these deviceshave moreefficiency.
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