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ABSTRACT

In this paper, a technique for obtaining ohmic contact to n-GaAs is dis-
cussed. The contact resistance have been measured by plotting the V-I
characteristics. For confirming the reliability and reproducibility of the
method, A large number of sample were prepared and measurementswere
conducted. V-1 characteristics for the samples were found to be linear and
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identical, which shows that the method developed is reliable and repro-
ducible. An important factor that is generally recognized is that surface
cleanlinessis essential for reliable and reproducible ohmic contacts. The
obtained specific contact resistance wasin close agreement with the meth-

ods obtained by others.

INTRODUCTION

Inrecent year Gallium arsenide and rel ated semi-
conducting compounds have drawn the attention of re-
searchworkersmainly for two reasons. Firstly, someof
their propertiesdlow important improvement onthe per-
formanceof dassicd devices: higher mobilitiesandwider
energy gaps. Secondly, some characteristic features of
Gadlium arsenideand other compoundsgiveriseto new
physica phenomenanot obtainablefrom Silicon.

All semiconductor devicesneed at | east oneohmic
contact and often the quality of the ohmic contact is
oneof themost significant factorsaffecting the perfor-
mance of I11-V semiconductor devices¥. Thee ectri-
cal propertiesof ohmic contactsare characterized by
specific contact resistancer (ohm-cm?) defined by

r.=[o1/ov],_;* @
or
ro=1lim__Rs 2

where R_is total contact resistance, sis contact area.
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Theoretical expression for specific contact resis-
tancewasgiven by Yu2, Taking thetheoreticd I-V char-
acteristicsin thethermionic emission, thermionicfield
emissonandfieldemissonregionshehasshownthatr_
isdetermine by thefollowing factors.

)
Exp == for FE ©)
@5
Exp == Coth[Eo, /KT for TFE @)
@5
Exp—2&
p KT for TE (5)

Where ¢, is the barrier height and E_ tunneling parameter
defined by

Em:%[ND/m*E] 6)

Herem* istheeffectivemassof thetunneling carriersin
thesemiconductor, € isthepermittivity, NDA thedopant
concentration, g thee ectronic charge, h plank congtant,
E, isvery useful parameter in predicting theblocking or
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ohmic characteristicsof ametal semiconductor contact.
For KT/E_>1thethermionic processdominatesand the
contact behaves asaschotky barrier. For KT/E_<<1,
field emission dominatesand the contact exhibitsohmic
characteristics. Intherangewhere KT/E = 1amixed
mode of transport occurs. Thefunctional dependenceof
the specific contact res stance on semiconductor doping
level andbarrier heightisshowninfigurel
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Figurel: Theoretical dependenceof ther on semiconductor
dopinglevel and barrier Ht

FORMATION OFOHMIC CONTACTS

Theaccuracy of the el ectrical measurements per-
formed for determining the characteristic of an elec-
tronic deviceishighly dependent on thequality of the
electrica contact madetothedevices. Thegood ohmic
contact istheonewhich will not ater the semiconduc-
tor resistivity or device characteristicd®. Other features
of good ohmic contact are
1. The contact semiconductor interface must be

planer.

2. Thecontact must be solid bel ow 500°C.

3. Thecontact must betinfree.

4. The contact must have a low specific contact
resistance.

5. Thecontact propertiesmust bereliable, suitable
and reproducible.

Formation of ohmic contact to gdliumarsenidema:
terid isrdativey difficult ascompared tod ementd semi-
conductors®. Major problemsencountered in thefor-
mation of the ohmic contactsto gallium arsenide are
lack of wetting (uniform) of metal to galium arsenide,
metd segregation at themetal semiconductor interface
highvolatility of arsenidewnhich causespittingingdlium
arsenide at high temperature, poor adhesion of contact

metalsand brittlenature of gdliumarsenide,
EXPERIMENT

The n-type GaAs wafers were obtained from
Atomergic ChemetalsNew York. First of dl, the sub-
strates were boiled in trichloroethane, acetone and
methanol for five minutes each and then rinsed in
deionised water for severa time to ensure through
cleaning. Inorder to ensurethe deposition of thefilmin
thepurest form, al accessoriesbel onging to thevacuum
chamber and the inner surface of the bell jar were
throughly d eaned beforefixing thehegting filament, load-
ing thefilament with themateria and the placement of
thesubgtrateat their respectivelocationin the vacuum
chamber. Low tension termina sweretreated with so-
dium hydroxidesolution, whichwasthenfollowed by a
rigorouswashin nanopurewater, al other metdlic parts
and theinner surface of the vacuum coating unit were
cleaned by acetone only. After the completion of the
cleaning processes, the unit was always kept under
vacuum in order to avoid contaminationsfrom the at-
mosphericair.

Thevacuum evaporationwascarried out inacon-
ventiona evaporator capableof producing vacuum of
the order of 1 x 10° torr inside a pyrex bdll jar. The
evacuation of theunit was started after mounting thegd -
liumarsenidewefer initsposition and charging gold-ger-
manium alloy onitssource. Whenthe pressurewasre-
duced to 5 x 10 torr degassing of the system of the
sourcewas carried out by raising their temperature by
applying the supply voltage to the radiant heater and
sources. The system and the source were allowed to
cool downtoalower pressureisachieved. Thisprocess
of aternate heating and cooling wasrepeated threeto
four times, to ensurethat the syssemwas completely de-
gassed. Findly asthe system cooled downand avacuum
better than 5 x 10° torr was attai ned, thetemperature of
themolybdenum boat wasincreased dowly by increas-
ingthesourcessupply through an autotransformer till the
Au-Gealloy was started to melt. After the deposition
were completed, the system wasagain alowed to cool
down and the sampled wastaken out for measurements.

CONTACT EVALUATION

Theéelectrical quality of ohmic contact isconve-
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niently characterized by in eval uating ohmic contacts
onthinepitaxid layer istheseparation of thetota ress-
tanceinto spreading contact and residual resistance.

A separation can be achieved when contact resis-
tance of thedifferent diameter ismeasured and useis
made of the dependence of thetotal resistance on con-
tact diameter.

&

@

&

Figure?2: Four-dot array for measuring contact resistance

Let usconsider an array of circular contactslike
those of figure 2. For agood ohmic contact besidesthe
linearity of the characteristicsthe contacts should a so
havelow specific contact resistance. The specific con-
tact resistance of an ohmic contact is calculated from
theV-I characteristics, if | isthe current for thevoltage
V, thetotd measured resistance® of thesampleis

\Y
R =|_ (7)
Also
R =R +R+R +R_ 6)

Where R = contact resistance
R, = spreading resistance
R, = seriesresistance of the material and back contact
R = probe resistance.

Asagold probeisused for making apressure con-
tact, itisin order to assumenegligible proberes stance.
Then equation (8) reduceto

R,=R +R_+R, )
Spreading resistance can be cal cul ated

R.=PB
2d

Where p = the resistivity for the sample used
d = contact diameter
B = afactor which correctsthe finite

2 4

B =—tan
T

Where t = sample thickness

(10)

(1)

= Fyl] Peper
Thecontact resstanceis

R, = R 302
Jd (12)
2
Where R_ = specific contact resistance
Thus, substituting (10) and (12) in (9)
P g A R
R; = d tan a* nd? +R, (13)

Thefabrication of ohmic contact is still more of an
art than a science® and every laboratory tends to
haveitsown favoriterecipeswhichinvolves particu-
lar method or alloy systems particular deposition
methods, and particular form of heat treatment. All
the reciped” appears to depend on one or other of
thethreeprinciples.

1. If the semiconductor isonewhich conforms ap-
proximately to the ssimple Mott theory,it should be
possible to create an ohmic contact by finding a
metal withawork function of an n-type semicon-
ductor or greater than the work function of a p-
type semiconductor. If theinequality isnearly but
not quite satisfied, theresult should bearectifying
contact with alow barrier height whichin practice
may serveeffectively asan ohmic contact.

2. Thevast mgority of ohmic contact dependsonthe
principleof havingathinlayer of very heavily doped
semiconductor immediately adjacent tothemetal.
Thedepletionregionisthen sothinthat fieldemis-
sion takes place and the contact has a very low
resistanceat zerobias.

3. If the surface of the semiconductor is damaged,
crystal defects may be formed near the surface
which act asan efficient recombination centers. If
thedengty of theseishighenough recombinationin
the depl etionregionwill becomethedominant con-
duction mechanismand will causeasignificant de-
creaseinthe contact resistance.

CHARACTERIZATION OFOHMIC
CONTACTS

Thecharacterization of the ohmic contactsformed
isdesired for itsquality evaluation. Thequality of the
contact isestimated mainly fromitscurrent voltage char-
acteristics. For measuring these characteristics® of these
samples, amicroprobeisdesigned. Inthis, thesample
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was placed on abrass platformwhich servesasabase
electrodeterminal. Theelectrical connectionwiththe
top contact wasmade with the hel p of gold probe held
inthemicromanipulaor. Thegold probecan bemoved
inx-y-z directionswith the hel p of screw arrangement
which providestheflexibility of makingasgood € ectri-
ca contact without damaging the aloyed contact. The
entire setup wasplaced in an electricaly shielded me-
tallic box to eliminatethe effect of radiation, noiseetc.
onthemeasurements.

Thebasiccircuit diagram for the measurement of
the current voltage characteristicsisshowninfigure 3.

PROSE
SAMPLE

0 T_%f

WY
Figure3: Current diagram for evaluating current voltage
characteristicsof contact

Thisset up, current for different voltage acrossthe
samplewere measured. Thevoltage-current character-
isticsof thegallium arsenidewafer having ohmic con-
tacts on the both sideswere studied under forward as
well asreverse bias condition. A variable dc voltage
source was connected acrossthe samplefor applying
suitablebiasvoltage A Keithley dectrometer model 610
Cwasused for measuring theforward and reversed char-
acteristics. Theobserved result areplotted infigure 4.

current 3w

., volage{volr)

Figure4: Current voltage char acteristicsof ohmic contact
for different contact dia

It can be seen from thisfigurethat the current in-
creasesthelinearly with therisethevoltagein both di-
rections. Performancestudy of ohmic contactto GaAs
and other compound semiconductor. Thecurrent-volt-
age characteristics plotted for al samplesof different
contact areasare linear, which confirmsthat the con-
tact made by the technique adopted were ohmic.

The specific contact resi stance was found of the
order of 2 x 10-4 ohm-cm2 which agreeswith he spe-
cific contact resistance values reported by Cox and
Strack™, A.Y.C. Yu?, Sinhaand Smith®.

For conforming thereliability and reproducibility of
method, largenumber of samplewereprepared and mea:
surementswere conducted. V-1 characteristicsfor the
sampleswerefoundtobelinear andidentica, whichshow
that themethod devel oped isrdliableand reproducible.

CONCLUSION

Ohmic contactsto n-GaAs have been made and
contact resistance found. Furthermore, these contacts
have good technol ogical propertieswhich makethem
suitablefor device applications of lasersand Gunn os-
cillatorsetc.
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