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Effect of hydrostatic pressure on the characteristic parameters
of Au/n-GaAs Schottky-barrier diodes
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Au/n-GaAs Schottky barrier diodes SBDs have been fabricated. Schottky diode parameters such as the
ideality factor, the series resistance, and the Schottky barrier heg@td), d,, have been measured as a
function of hydrostatic pressure using the current-voltdg¥) technique. We have seen that the SBH has a
linear pressure coefficient of 11.21 meV/kliar1l12.1 meV/GPha Also, the series resistance value increases
with increasing pressure. We have concluded that the variation of the barrier height due to the applied pressure
should follow precisely the variation of the semiconductor band gap, accepting that the Fermi level is a
reference level which is pinned to the valance-band maximum as a function of the pressure. That is, we have
concluded that the experimental results is in agreement with the model that the pressure coefficient is caused
by the pressure coefficient of the direct midgap le{/80163-18209)07643-2

INTRODUCTION (VBM) to explain both the temperature dependéhéeand
externally applied pressure dependéfia# the SBH in the
The recent developments in the field of Schottky contact$Schottky contacts. Furthermore, Werner andt@d® have
have opened up interesting new possibilities for the studyound that the pressure coefficients of the barrier heights at
and application of these materials. In particular, SchottkytypeA and typeB NiSi,/n-Si(111) interfaces vary between
barriers(SB’s) appear to hold considerable promise for pho-values of about-2.2 and—1.1 meV/GPa. .
tovoltaic solar energy conversion and other device Although an enormous amount of information on metal-
applications:— For many years, pressure has been employeg§eémiconductor Schottky diodes has been gained, little is
as a tool in the investigation of the properties of semiconknown about the effect of pressure on the diode parameters.
ductor materialé.In recent years, various studies have been! N purpose of this study is to investigate the hydrostatic

made on the hydrostatic press effects in Schottky diode ressure dependence of Schottky diode parameters such as

(SD’s), and the effects were explained by the introduction ot e ideality factor, barrier height, and series resistance by

. . - using thel -V characteristics.
stress-sensitive generation-recombination centers, the change

of band structure, and the change of minority-carrier
lifetime 5—° EXPERIMENTAL METHOD

In some studie$?** it has been found that the Schottky  The Auh-GaAs Schottky diodes used in this study were
barrier h6|ght(SBH) is almost independent of the surface fabricated using]_type |iquid_phase ep|tax§LPE) GaAs wa-
orientation of the substrate, preparation of surface, and thgers (Te doped with [100] orientation and 0.012 cm resis-
type of metal being used. So, the SBH has been measured fevity. The wafer was rinsed by ultrasonic vibration in deion-
ideal metal/GaAs contacts by means of current-voltdg€)  ized water and was dried by high purity nitrogen. After this
and capacitance-voltag€{V) techniques and has been pos- procedure, Ohmic contact was made evaporating Au-Ge
tulated models for Schottky barrier formatithRecently, (12% Ge and annealing 425°C for 3 min. The Schottky
hydrostatic pressure has been used to explain the electroniontacts were formed by evaporating Au as dots with a di-
structure of semiconductors by means of SB heightameter of about 1 mm onto the mirror surfaces. All evapo-
measurementS. According to this matter, Peanasky and ration processes were carried out in a turbo molecular fitted
Drickamel* have showed that a pressure study of barrievacuum coating unit at about 16 mbar.
height decouples the measurements of the conduction-band The pressure was created by a piston and cylinder-type
minimum E. movement from the valence-band maxim&pn  chamber apparatus as sketched in Fig. 1. A special trans-
and creates a second frame of reference for interpreting tHermer oil was used to transmit the pressure. @aAs
energy-band movement with pressure. The pressure depeSehottky diodes were located in a pressure cell with a special
dence of the SB height at the Pt/GaAs interface has beetlesigned sample holder andvV measurements under 0—6
determined by measuring the forwareV characteristics of kbar hydrostatic pressure were made by electrical connec-
Schottky diodes using a diamond anvil cdllAC) by Shan tions from cell to measuring device. The value of pressure in
et al’® They have found that the SB height shifts to higherthe pressure cell was measured with the resistance changes
energy with a linear pressure coefficient of 11 meV/kbar andf the manganin wirel.-V characteristics of Schottky diodes
have shown that defect states are responsible for pinning thender the pressure were performed around an HP4140B pi-
Fermi level in Schottky barriers under pressure. Howevercoampermeter at room temperature. The high-pressure
Monch'® and Chenet all” have concluded that the Fermi equipment used in this experiment has been described
level is pinned relative to the valance-band maximumelsewheré3*The effect of hydrostatic pressure up to 6 kbar
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TABLE I. Diode parameters obtained frolaV characteristics
of the Au/h-GaAs Schottky diodes under pressure.

——— Thrust Piston

P (kban n Dy, (eV) R Iy (A)
Phosphorus-bronze 0 (Ref) 1.061 0.80 16.69 1.83E-11
1 1.058 0.82 17.98  9.96E-11
2 1.052 0.83 19.38  6.37E-11
3 1.055 0.84 20.56  4.50E-11
4 1.057 0.85 21.49  2.68E-11
5 1.018 0.89 2358  6.08E-12
6 1.037 0.91 2479  2.92E-12

ference between the Fermi level of metal and the conduction-
band minimum at the interface. Various techniques are avail-
able for the determination @b, , the most generally used is
the |-V relation#1%2°

Electrical Thg forward biasl-V pharac_teristics dye to. thermionic
comnections emission of a Schottky diode with the serie resistance can be

expressed 8523

> Fixed Bottom Piston

FIG. 1. Schematic drawing of a hydrostatic press cell.

a(V—IRy) a(V-IRs)
- I=lgexg ———=—/|1—-expg —————||. (D
at room temperature oh-V characteristics of Aul-GaAs nkT kT
Schottky diodes is presented in Fig. 2. A strong dependencg, e above, the saturation curregtis expressed as
on pressure is evident. There are a hydrostatic pressure effect
both in the forward and reverse directions. With an increase ) qd,
in pressurel-V characteristics move to lower current values. lo=AA*T exp — T 2

whereq is the electron chargé/ is the applied voltageA is

the effective diode are;is the Boltzman constant; is the
The formation of a Schottky diode occurs at a metal-absolute temperaturdy” is the effective Richardson con-

semiconductor interface when the work function of a metal isStant of 8.16 Acm?K™? for GaAs, Rs is the series resis-

It is well known that the barrier height is the potential dif- |-V data using the method of Cheung and Cheting;, is

the barrier height and is an ideality factor which can be

= determined accurately from the slope of the linear portion of

10 p the Inl/[1—exp(~qV/KT)] vs V plot, and from Eq.(1). In

105 Z fact, the ideality facton can be written as

RESULTS AND DISCUSSION

. q av
~ kT|d(InT)

The values of the barrier height of Au/GaAs Schottky di-
odes were calculated with the help of Ef) from they axis
intercepts of the semilogarithmic forward-biad/ plots, and
108 777 P=0 kbar (Ref) the values oM were obtained using Eq3) from the linear
/L] 2 koar region of these plots indicating that the series resistance ef-
3 o fect in linear region is not importar{fFig. 2). These values
5 kbar calculated in this study are given in Table I. As can be seen
6 koar in Table 1, the values ofb, andn range from 0.80 eV and
1.061(at P=0 kbap to 0.91 eV and 1.037at P=6 kbay,
T 300K respectively. Thus, thé, value has increased by 0.110 to
Avn-Gads 0.91 eV at 6 kbar in the Aw-GaAs SBD’s while the ideal-
ity factor remains about unchanged up to 4 kbar. However,
the ideality factor value decreases after 4 kbar, down to
1.018 atP=5 kbar and 1.037 aP=6 kbar. But series re-
AUV S N R sistance increases with increasing hydrostatic pressure con-
-0.50 -0.25 v 0.00 0.25 0.50 tinuously. We can confidently assume the sample to have an
oltage (Volt) . - . .
almost ideal -V characteristic due to an ideality factor value
FIG. 2. The effect of hydrostatic pressure loW characteristics 0f 1.061 atP =0 kbar. The values dRs range from 16.69)
of Au/n-GaAs Schottky diodes. (at P=0 kban to 24.47Q (at P=6 kbap. Fontain, Oku-
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pressuré® Therefore, the pressure dependence of the zero-
charge-transfer barrier height of Schottky contactsdype
semiconductor substrates is determined by the respective
variations of the widtrE, of the bulk band gap>***Thus,
we may say that the pressure coefficient of the band gap of
the Au/n-GaAs contact has a value of 11.21 meV/kbar. Wel-
ber et al?® also showed that the pressure coefficient of the
barrier height of the GaAs contacts is the same as that of the
fundamental gap of GaAs. In this study, the linear pressure
coefficient of 11.21 meV/kbar obtained for AuGaAs
Schottky diodes is in close agreement with the value of 11
meV/kbar for Pth-GaAs diodes reported by Shas all®
who reported that the amphoteric native defects is respon-
sible for Fermi-level pinning at metal GaAs interfaces. How-
ever, according to the MIGS model of ideal semiconductor
contacts, the analysis of the pressure or temperature varia-
R N i R tions of the barrier heights at metal-semiconductor interface
00 10 20 30 40 50 60 indicates the existence of a reference level which is pinned to
Pressure (kbar) the valance-band maximuiYBM) as a function of the pres-
sure or temperatur®.In case of the zero-charge-transfer bar-
FIG. 3. Change of _the SB height with hydrostatic pressure ofyjgr height, the intrinsic CNL of the MIGS or Fermi level
Auln-GaAs Schottky diodes. thus is the reference level which is pinned to the VBM as a
function of the pressure or temperatd?é’ Thus, if the

mura, and T& also suggested that any damage in the intergermijevel is pinned relative to the VBM at the AuGaAs

face affects thd-V behavior because defects act as recoMinterface as concluded also by--mmle and Chenet al,’

bination centers or as intermdeiate states for trap-assistgfle yariation of the barrier height should follow precisely the

tunneling currents. variation of the semiconductor band gap. Briefly, according
The effect of pressure up to 6 kbar at room temperaturg, the model of Mach2® the CNL of the MIGS is identical
on the barrier height,, of the Au/n-GaAs Schottky diodes it the direct midgap level. Thus, the direct midgap level is

from the intercept currently), which are the saturation cur- e reference level which is pinned to the VBM as a function
rents, is presented in Fig. 3. The variation in the SB heighty e pressure.

with pressure was fitted with the equation

100 —

Barrier Height Change (meV)

In addition, it is well known that the pressure coefficients
_ 2 3 are large and positive for direct transitions in the middle of
edp(P)=edy(0) +aP+ P+ yP “) the first Brillouin zone(about+100 meV/GPabut negative
with @=11.21 meV/kbar(=112.1 meV/GPgp =—0.345 and by a factor of approximately 10 smaller for indirect tran-
meV/kbaf and y=0.25 meV/kbat. As have been indicated sitions from the VBM to conduction-band minima near to the
by Monch?® the pressure dependence of the barrier heightX point at the Brillouin-zone boundary of the bulk band
in the ideal Schottky contacts are determined by the pressussructure(—10 meV/GPa'® Therefore, it can be said that the
coefficient of the zero-charge-transfer barrier heights. In th@ressure coefficient of the minimum gap of positive 112.1
ideal Schottky diodes, the metal-induced gap sta#i&S)  meV/GPa obtained for own our AnfGaAs Schottky con-
may be considered to be the physical mechanism which ddact is for direct transitions in the middle of the Brillouin
termines the barrier height§ According to the MIGS model zone. Thus, as a function of externally applied pressure, the
of ideal semiconductor contacts, the charge transferred bdvarrier heights of Schottky contacts increasendgype GaAs
tween the metal and the semiconductor varies as a functiopubstrates.
of the position of the Fermi level relative to the intrinsic  In conclusion, the obtained results in the present study for
charge-neutrality levelCNL) of the MIGS within the semi- Au/n-GaAs Schottky diodes are in good agreement with pre-
conductor band gap or as a function of the barrier height. Nwiously published results. The behavior of ideal semiconduc-
charge will be transferred across the interface when théor contacts due to externally applied pressure may be ex-
Fermi level coincides with the intrinsic CNL of the MIGS. In plained by the MIGS model. We have concluded that the
this case, the barrier height measured is called the zerorariation of the zero-charge-transfer barrier height due to ap-
charge-transfer barrier heights. Furthermore, it has been relied pressure should follow precisely the variation of the
ported according to the experimental findings that the zerosemiconductor band gap because the intrinsic CNL of the
charge-transfer barrier height of Schottky contactpdype  MIGS or Fermi level has been accepted as a reference level
semiconductor substrates do not change as a function e¥hich is pinned to the VBM as a function of the pressure.
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