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ABSTRACT

The schottky barrier diode fabricated by vaccum deposition of Au on n-Si (bulk), n-GaAS (L.PE,), & n-InP (bulk)
have been studied for their device performance by meansof -V & C-V measurements. Aluminum was used to make
ohmic contactsonn-Si & Gold Indium alloy was used to make ohmic contacts on n-GaAs & InP. Electrical properties
such asdonar concentration N, barrier high (®B), Depletion width (W) have been cal cul ated. In Particular, method
of improving the performance of Au/n-InP had been  discussed & itsideality factor (n) was reported.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

The Quality of contact dictated by the semicon-
ductor surfacefeatures, controlsthe electronic flow
throw metal-semiconductor devices . the epitaxia
schottky barrier diodeswere studied in great detailed
by Scrafettert™. According to Padovam!@, it was clear
that theinfluence of thetraps can not beneglectedin
schottky barrier diodesasthisisone of theman source
of discrepancy between theory & experimental results.
Good ohmic contactswerefound by dloyingAu, Sb,on
n-Si. Metasinvestigated to form rectifying contact on
N-Si, whereAu, Ag, Cu, Ni, Pb, & AI®, Asreported
by Sinhaet a. Ti /N -GaAsdiodes show near ideal
characteristicswith abarrier high (®B)=0.84 ¢V. The
injection of minority carriersinhighresistivity Gecan
effectthel-V characteristicsinsuch away that thevaue
of diodeideality factor (1) is increased significantly.
Investigations on InP schottky diodes have been car-
ried out by Wada et-al®. L ow resistance ohmic con-
tacts to n & P- InP were reported by E.Kupal'® &
C.L.Chenget-al".

The measure problemswith thegroovelllV com-
pound semiconductorslike GaAs, InP, etcisthat when
thematerialsare suitably heated therewould beless

component of As, & PIn GaAs& InPrespectively. Ac-
cordingto T.Sebestyen et a®. Very shot dloying tem-
perature cycle useto get best ohmic contacts.

A comparative study of variousmetal semiconduc-
torsdiode: Au/n-Si,Au/nGaAs & Au/n-InP has been
made.

EXPERIMENTAL

All thethree schottky diode structure were fabri-
cated by vaccume evaporation techniques. The sub-
strate temperature was kept at 120°C under bell-jaar
pressure of 1*10°tor. Semiconductor wafers were
boiled intrichloroethyl ene, acetone & methanol sepa-
rately for fiveminutes, then rinsed indel onised water &
cleaned thoroughly ultrasonically. Prior to evaporation
al materid swereproperly degassed in vacuum & vari-
ouslayerswere then deposited onthem using suitably
built M olybdenum boats. Aluminum & Gold-Indium
Alloy were used for ohmic contacts, Gold (purity
99.999%) was used for obtaining rectifying contacts &
nS, & InPwere used as semiconductor components of
thediodes.

TheGrowthrate& thicknessof thefilmsweredully
monitored to about 5A° per second. & 0.6t0 0.8 mi-
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cron respectively. Toimprovethereproducibility con-
tact probability the completed schottky diodeswere
dloyed intubular furnacewith to Nitrogen gasat 450°C
for about 15 minutes. I-V measurementshad been car-
ried out using aprecise voltmeter & solid state el ec-
trometer (modd 610C, KEITHLEY INSTRUMENTS
Inc; OHIO).boolton Direct capacitancebridge, (Model
75C-S23), wasused for C-V Measurements.

RESULTSAND DISCUSSIONS

|-V Characteristics

Several authorg®? reported departuresfromthe
simple diode theory for the I-V characteristics of a
metal -semiconductor contact. Inthe present case, the
contactsformed by Aluminum onn-Si and gold-indium
alloy on- nGaAs, n-InPwere ohmic which have been
observed by measurementsof thel-V characteristics
and C-V measurements.

Figure 1-3 showsthetypical |-V characteristics of
these samplesmeasured at room temperature. On com-
paring thel-V characteristicsof Au/n-Si showninFig-
urel, withthat of aconventiona Si diode (By 127), it
was clear that the diode has alarger leakage current
and low built-in potentia . Analyzing theseresults, it is
likely that there might have been theformation of an
oxidelayer onthe surfaceon Si prior toAu evapora-
tion and thereforethe device may in effect beaMIS
structurerather that ametal -semi conductor diode.
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Figurel:1-V Characte.rist.icsofAu/r-l-Si schot-tksl d.i(.)de.'
Figure 2 showsthe result obtained from the I-V
experimentson Au/ n- GaAsschottky diode.

Thisdiode has aleakage current of 10uA for a
reverse voltage of 7V. With an acceptable forward
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Figure2: |-V Characterigicsof Au/n-GaAsschoottky diode.
characteristics.

It was observed that Au/n-InPschottky diode had
alargelekagecurrent at areversevoltage of 5V.with
negligiblebuiltin potentia . Such diodesaretherefore
lessuseful. toimprovethe performance of diodesthey
were subjected to the process of oxidation & subse-
guent removd of theoxide. I-V characteristicsof these
diode are shown in figure 3, which shows areverse
leakage current of 6pA for a reverse voltage of 5V &
barrier high sinceto behighly improved.
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Figure3: I-V Char acteristicsof Au/n-InPschottky diode.
C-V Measurrements
These C-V measurementsof Au/n-Si Schottky di-
odewasshowninfigure4. Thesedop ‘S’ is given by
S.M.Sze'Y,

S=2/A%€,aN, )
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With S=5*10"V-F2Areaof contact Figure 6 showsthe C-V chracertiscsof Au/n-InP

A =5.57810“*Cm? schottky diodes. The slop of straight line ‘S’ is

Permittivity of free space €,=8.85* 10F/Cm 1.6¥10°V'F>AndV, = 0.6V. Subgtituting these val-

RelativeDielectric constant € for Si=11.8. T T -
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Flgure4 C- V Characteristicsof Au/n-Si schottky diode. : - )i‘ 2 ; a 2 s % (‘ )M__?"_

Theequation 1 givesN = 7.7* 10 Cm. Know-

F|gure5 Cc-v Character|st|csofAu/n GaAsschottky d|ode
ing the contact potential Vbi, Thebarrier height @, can

ues and A = 2*10°Cm? in equation 1, we get the

bedetermineusing value of N, = 1.7*107Cm?, Using equation 4 the
@, =V, +V, @) valueof ‘W’ was calculated to be equal to 6.9%*10 2
WhereV =E-E um. Finally using equation 2 thevaueof @, wasfound
Whichinturncan bedeterminefrom to be 0.83eV.
N=N,=4v2hg(m *K T)%exp[-(Ec-Ef)/K T] ©) o P4 | P 2R
WhereK =Voltzman constant B | ‘ 5 o
H = Planks constant . i : =
T =Absolutetemperature S i
m * = Effective massof an electron = E B .
E. = Energy at the bottom of conduction band EEENEE 1 et
E,=Fermy level energy. - | e
Thecontact potential asobtainedfromequation (3)was ~ ~+ | 1~ 1 B e
0.38 eV.Then from equation (2) ®, = 0.63eV. The I ! A1 3
depl etion width Wisworked out to /44‘ !
W =[2€,€,(V,,-V)/aN ]2 @ E 1 EaEENan 1
WhereV represents applied potential. R IN
The C-V characteristicsobtained for Au/n-GaAs | LI j ‘ J :
schottky diodesareshowninfigure5 —t- T i i f"
Which givesacontact potential of V, = 0.4V. Us- T Te] |2 IEREE ERYTS
ing equation 1to4 and substituting S=0.48* 100V Ve T T | =l S

2 A=1.97*102Cm2and € = 13.1 for GaAs, thevalue Figure6: C-V Characterigticsof Au/n-1nP schottky diode.
werecalculated tobeN, = 5.7+10“Cm*, &,_0.83¢v |deality factor (m) for Au/n-InPschottky diodes
andW =10um. Thevaueof Au/n-InPdiodeidedlity factor () can
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becaculated usingthelog |-V, graphshowninfigure7
& thenequation

H (a/KT)(dV' by/dIn 1) =0.1066 then from equa-
tion 5, ideality factor (n) =1.78

Thedifficulty of making low leakage of schottky barri-
erston-InParisesfrom|ow metal- semiconductor bar-
rier heights®, Kimet d*d investigated Au, Al & Au/Ti
on each InP surfaces & found barrier height valuesin
therange 0.4 to 0.54€V asreported by Wada & mea-
ger fiddin*™ Auschottky barrier, Au schottky barrierin
corporating & interfacia native oxide hasbeen formed
& InP. Depending on the oxidethickness & annealing
condition, thesediode exhibited highbarrier height ©,
>0.75eV, idedlity factor & aslow as1.04 & very low
saturation current density i.e.< 107A/cm?. From the
present work we havefound @, =0.83eV,n=1.78 &
low leakage current density of 1.48*10’A/cm?. The
result obtainfrom the= author’s experiments were bet-
ter to theresult obtain by Wada & megjerfiild*3. They
havebasicaly grownaninterfacial oxideonnInPprior
to theformation of rectifying contacts. Thustheresult-
ing deviceisbasicdly aMISstructure. Itistobereal-
ized herethat the oxidelayer grownonthenInPsurface
would create an Interface between an InP surface &
oxidelayer. Moreover therewould bealattice mismatch
between nativeoxide & surfaceof nInP. itisquit pos-
sible that it may even crate traps in the structure &
thereby deterioratesthe characteristics of thedevice.

" i A =%

Figure7: Logl -V _Characteristicsof Au/n-InP schottky
diode.
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CONCLUSIONS

Inspecting the results obtained from Au/n-Si
schottky diodeit appearsthat there might have been
theformation of an oxidelayer of considerablethick-
nessformed onthe surface of Si prior to Au evapora
tion & therefore the device may be aMIS structure
rather than ametal-semiconductor diode. The problem
of making meta- semiconductor contact on S wastaken
asapractical exercise & thereforeno further efforts
wereput toimprovether characteristics Aun-S. Some
of the problems associated with MIS structure have
been discussed earlier. But Au/n-InPschottky diodeis
fabricated without anative oxide astheinterfacid layer
between the InP surface & Au layer & therefore the
resulting structureisindeed atrue metal-semiconduc-
tor diode. Hence, it isbut natural to expect good de-
vice performancefrom such diodes.
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