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Current transport study of Au/n-GaAs Schottky diodes on Ge
substrate at low temperatures

P. Venkateswariu'®, M. K. Hudait’, and 5. B. Krupanidhi®

'Salar Panels Division, ISR() Sateliite Centre, Bangalore 560 017, INDI
“Materialy Research Centre, Indian Institute of Science, Bangalore 560 012, INDIA

ABSTRACT: Au Schottky diodes were made on cpi-GaAs grown over Ge substrate by metal-organic
vipor phase cpitaxy (MOVPE) technique. The current-voltage (I-V) charactenstics were carnied oul al
lemperatures ranging from 80 K to 300 K and the paramelers such as. roverse saluralion current,
idcality [actor, sero-bias barrier beight and Richardson constant were determined 1o assess the quality
ol the epi-CiaAs material  With the decrease of lemperature, the ideality factor increases while the
+¢ro-bias barnier height decreases and (he observed results are explained bascd on the existing
Lransport theories

L0 INTRODUCTION.

GaAsiGe hetcrostruciures are extensively used in many applications such as single and multi junction
solar cells, Heterojunction Bipolar Transistors and Schottky barrier cells. When GaAs 1s grown as a
film on Ge by MOVPE or MBE, it poses few problems jike the formation of antiphasc domains
{APDs) in the cpilayer, the introduction of misfit dislocations and cross dilfusion of elements from Ge
to GaAs and vice-versa. The large density of dislocations present in GaAs/Ge substrate is 3 major
problem and it is necessary to understand the electrical activity of the defects. Hence. an atiempi has
been made in this paper to present some studics dealing with the 1-V characienstics and current
transport mechanisms of Au on GaAs/Ge Schottky diodes in the wmperature range of 80 (o W0 K

L0 EXPERIMENTAL PART:

Si-doped n-lype GaAs film of 3 micron thick was grown on ( 100} oncnted 2" off-cul owards
[110] direction of Sb doped (2 x 10" foe) nt Ge substrate using bow pressure metal-organic vapor
phase epiaxy (LP-MOVPE) lechnigue. Au Schottky contacts were made on front side using physical
mask and thermal evaporation techmigue The curreni-voltage (1-V) charctensics of the diodes were
measured from room temperature 1o 80 K i steps of 10 K using an automated sdrrngement consisting
of keithley made source measuring wnn SMU 250, o PC486 and o probe station and LN, eryostal
Capacitance-voltage (C-V) measurcments were done al room lemiperalure using capacitance meler at
1 MH frequency und the barrier height measured was 0.776 ¢V and the carnier concentration of the
erown n-type pitaxial layer was determined as 1 274 < 10" fee. Thas carnier concentration is Turiher
confirmed by means of Bio-rad electro-chemical C-V polaron profiler,

3.0 RESULTS AND DISSCUSSION:
3 I-¥ Charscteristics:

Fig. | shows the forward semi-log current-voltage (1-V) characienstics of Au-n GaAs/Ge
Schotlky diodes al differemt temperatures, ranging from 80 K 10 W00 K According o Thermonic
comssion-Lhilusion theory, the current transporn across a Schotlky diode is given by
I = LexpigV/inkT) for V>3KTiq - (1), where I, = A A” T exp| (-q @ ) KT == (2)

Y is the applied voltage drop across the semiconductor surface depletion laver and 1, the satwration
current density, A 15 the diode ares, A” is the Richardson constant. @, is the sero- bias barrier
height. n is the ideality factor, k is the Bolbmann constant. T is the temperature, and g is the charge

Using egns. (1) & (2) the values of n and @, of the diode at differcnt lemperatures were
calculated considering 8,16 AK “om” as the value of A and plotted with temperature in Fig 2. From
Fig. 2. il is obscrved thal the ideality faclor mcreases with the decrease of temperature and the
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increase is very slow up o 120 K and then increases sieeply up io 80 K. The sero- bias barnier height
decreases slowly with temperature up to 120 K and the further decrease is very steep up Lo 80 K. For
an ideal Schottky diode, the zero-bias barrier height should increase with the decrease in lemperature
in accordance with the band gap variation with temperawre. The sero-bias barrier height is showing
an inverse behavior to the ideality facior vanation,

To asscss the quality of the grown GaAs film on Ge, the following existing models of
conduction mechanisms have been applied 1o the observed low lemperature |-V data of Au- n
GaAs/Ge Schouky diodes. As per the Wemer-Giitler model, the barricr height has a Guassian
distribution with a mean barrier height The decrease in barricr height with reduction in lemperature
has been explained by the lateral distribution ol the barrier height |1] The Gaussian distribution of
the barner height yields Eq.(3) for the barrier height and the vanation of deality factor with the
temperature is given by Eq. (4) as per potential fluctuation model of Werner-Giitler |1

Doy = Oy (07 2kT) —(3) n=l-y Halo, [KT)  -—i4)

where, @, o is the mean barrier height. o, is the standard deviation of the barmer
distribution, ¥ and § arc the voltage coelficients of barricr height, Using the experimentally
determined values of n al different temperatures and the value of o , obtmned from Eq. (7). the values
of yand ¢ were obtamed The zero-bias barrier height and ideality factors were simulated using

Eqgs. (3) & (4) respectively and re-plotted along with the experimentally obscrved values i Fig 2.
From Fig. 2 il can be observed that the expenimental and simulated sero-bias barrier heights are not
maiching and there is a large deviation in the wmperature ranpe from 120 K 10 260 K. There is a
deviation between the experimental and simulated ideality factors. We can conclude that the Werner-
Giitler model is not adequaie to explain the variation of the rero-bias barrier height and wdeality lactor
with the lemperature in the presenl case. Hence, we can conclude that the present investigated
Schouky diodes do not have any inhomogeneties in the grown n-lype GuAs epitaxial film and
indicates the excellent quality of the film.

According o Sullivan and Tung's model of laieral inhomogenities, SchmitsdrofT et al |2]
found a correlation between the ero-bias harner height and the ideality Factors. The extrapolation of
the linear fit of zero-bias barrier height versus ideality factors gives a homogencous barrier height of
0.78 eV at an ideality factor of about 1.01. This homogeneous barrier height is in close maich with the

Fig. 1: The |-V characteristics of Schotiky Fig. 2 The varaton of @, and n with T
[nodes at different T Solid lines- Simulated O, and n
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effective barricr height (@ = 0.776 eV) oblained from (C-V) mcasurements,  According 1o

Schmitsdrofl et al [2] larger the discrepancy between the homogencous barmier height and the effective
barrier hewght, the quality of the grown epilayer is poor. Based on Lhe above proposed models, we can
conclude that the present investigated Schottky diodes and the prown GaAs film do nol have any
lateral inhomogenities and hence, the quality of the grown GaAs epilayer is excellent
4.2 Effect of ithermionic field emission

IT the current transport phenomenon is controlled by the thermionie lield emission (TFE), the
relation | (V) 15 expressed as 1 = I, exp{ W/ E, }—==(3a) E. = E..collMgE,,/ kT ) —{5b)
where, E., and E,, are the semiconducior energies which are related o the transmission probability of
the carrier through the barmer given as E,, = hidn (N, fin,” )" = 185 10" (N, / m, 6)'" ——(6)
In ihe case of our Awn-GaAs Schottky diode, the value of E.., tumns oul 1o be 7.13 meV. According o
the transpen theory, TFE dominates only when E,. = KT and the value of B, calculated using Eq (6)
15 less than the KT at 80 K. But the barrier height lowering, Ad, . due 10 TFE is

Az = (1.5 (B ¥ (V'™ —{7) where W, is the baalt in potential.

For a built in potential of 0.78 V and E,,, value of 7.13 meV. the calculated barrier height lowering is
.6 meV. This also can not account for the lowering of the barrier height

Using the experimental values, F, versus kT/q was plotted and the plot gives the value of E,
s 5,625 meV, which is less than the theoretically caleulated value of 713 meV. If the curvature is
considered at 120 K, it gives a very high charscteristic cnergy, which explains the conduction
mechanism as TFE. The values of 1/n were theorctically calculated using ihe following Eqn.(8)
Im = (KT éqy [E. 7 (1-f)] ==(8), whcre || indicates the bias dependence of the barrier height
The cxperimentally observed values of 1/n were imposed on theoretically gencrated 1 versus 10007T
plots in Fig. 3. to confirm the higher value of the characieristic encrgy, This plol provides a pood
check 1o know whether the conduction mechanism is TFE or TE, From Fig. 3. il is observed that B,
of 12 meV and [§ of (.02 were oblained for a lemperature ringe 80 K to 160 K For a temperalure
range of 16U K to 300 K the value of E,,, is around 17 meV. The higher value of ., confirms that at
lower iemperatures, the diode conduction meclunism is TFE and TE-diffusion st higher lemperature,
although it has high base doping. The high charscieristic energy hos been related Lo several effects
such as. the density of siates and the clectric field present on the surface of the semiconductor, The
clectnic field near the semiconductor surfuce cun be increased by any mechamsms such as, surface
roughness al periphery, local pile of dopants, peometrical inhomogenitics due 1o crystal delects,
presence of relauvely thick interfacial insulator layer

Fig. 3. I'n vs 100Of T curves (solid lines), Fig. 4. The Richardson Plot () Ini LT
(@) expenimental Points. Dotted line gives v 000ST and (b) Ingd, 7T° 3 vs 1000 o T
E. = 12 meVand f} = 0,02
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3.3 Effect of peneration-recembination:
Generation-recombination cenlers give rise 1o the value of ideality factor around 2 8l room

temperature. The measured values of n in the present case at 500 K and 80 K are | 14 & 1.18
respectively. 1t is known from the literature | 3] that the 2" off-oricnted Ge substrates oficn gives the
APDs and misfit dislocations during the growih of GaAs on Ge substrales. The cpitaxial films arc
charscterized by 8 number of techniques namely alomic force microscopy. low  temperature
photoluminescence spectroscopy, secondary 1on mass Speclroscopy. Cross-scclion  Irunsnusswn
electron microscopy, electrochemical capaciince voltage  profiler [4], before fabnicatmg the Au
Schottky diodes. 1t was observed that [4] the quality of the film was excellent. Chand et al |5] studied
the I-V characteristics of GaAs over 54 and concluded that the minimum number of electrical defect
cenlers causé (he higher ideality factor, although the quality of the film is very excellent based on the
structural and optical results. However, i our case, the GaAs over Ge causcs the lattice mismatch
only of .07% as compared with the sysiom GaAs over Si (4%) This small lattice mismatch or the
thermal expansion coefficient mismatch at lower lemperatures may create the misfil dislocations,
which in turn increases the generation-recombination centers, unless the growth parameters are
precisely controlled. Though the film is grown on 2" off-onented Ge substraie, the measured value of
ideality factor is around 1. 14, which seems 1o be very good The decp level transient speciroscopy
{DLTS) curve does not show any peaks and it establishes the absence of such deep levels in the space
charge region of the Schoitky barmer

34 Richardson Plots:

The Richardson constant A™ is usually obisned from the intercept of IniJ/T°) versus 100O/T
plots for TE theory and the experimental valucs should yield a strmght line with slope giving the
barrier height at 0 K. This plot is shown in Fig 4 and it is linear only in he temperature range of 160
K 1o 300 K. The obtained Richardson constant and the sero-bias barmier height values are (0.1356
AK “cm” and 0.634 €V respectively. As the ideality factor is a strong lunction of temperature, the
modified Richardson plot which is In{),T°) versus 1/nT shown in Fig 4 gives AT = 1437 AK am
and @, = 094 ¢V (which is in close maich with the Nat band barrier height of 0,922 V) It has
been reporied in literature that the Richardson constant value varies from 3 AK “em” 1o 100 AK “cm
* From the observed A” the cormected A”™ value can be obtained from the following cgn

A recint = A shearsat €XpIG 7 Kidd' / AT ——{%), where ¢y is the Mat band bartier height
The corrected A™ value is 7.039 AK “om” which is close 1o the theoretical value considered For
exiracting scro-bias barrier height values from Eqn.(2)
4.0 CONCLUSIONS:

The Werner-Giitler model is nol adequate 1o fil the observed data and the homogeneous barrier
height & the effctve barrier heighis arc closely maiching, which shows the excellent quality of the
grown GaAs film. The TE-diffusion conduction mechanism is dominant in the temperaure range of
160-300 K and TFE is al lower lemperatures. There is no effect of generation-recombination current
as there are no deep levels and the defects or the dislocations in the cpilayers may not be active. The
observed conduction phenomena shows that the GaAs/Ge hetero-structures can withstand the fower
temperature range and the quality of the grown GaAs film on Ge substrate is excellent. hence can be
used for spave solar cells in normal usce as well as in low temperature applicaiions
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