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ABSTRACT

Further XPS analysis results of a range of GaAs surfaces are
reported which are produced by various technological steps such as
etching in basic or acidic solutions as costumary before the de-

position of metals.

: The findings of lateral material transport between co-planar electro-
; des, across metal-GaAs junctions and in narrow conductors, all due

[ to the application of hidifields or currents, are presented as to

‘ be found under operational conditions of devices such as MESFETs.

List of Keywords

GaAs, metallization stability, XPS, ISS, GaAs surface chemistry.




CHAPTER 1

INTRODUCTION

GaAs-metal contacts form an important part of microwave and optical
devices, and their stability is essential for the desired long life-
times. It is therefore necessary to study life-time effects of metal
contacts on the various technology-type surfaces when GaAs surfaces are
not ideal as produced by cleavage under ultra-high vacuum. The different
semiconductor surfaces are indeed found to cause strongly varying beha-
viour concerning such life-time effects as field-assisted diffusion of
metal along GaAs, or interdiffusion across the metai-semiconductor tran-
sition. The investigations described in this report therefore do not
cover the phenomena associated with clean ideai surfaces. Neither, do
we study directly Tife-time effects on devices, as for example reported

by various industrial laboratories (for example |1}).

We address our efforts towards a more fundamental study of the physics
and chemistry of interactions associated with metalson GaAs surfaces as
found with practical devices. Therefore, initially an investigation

was undertaken to evaluate the conditions of the GaAs surfaces as found
after all the typical technology steps of device manufacture are applied
such as sputter etching, rinsing in water, exposure to air, etching in
common etchants etc. (see First Annual Report). This has resulted in

a large number of new, sometimes unexpected results relevant for an

Dol
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F understanding of the various phenomena observed by device-fabrication
E technologists. In the second part oi our program, the study of the
i stability of metal films on these GaAs surfaces was undertaken under

typical device-operational conditions such as high currents or high
v voltages. Here, interesting, new information can be reported now.
However, more work is required to clarify all the related phenomena

of device life~-time optimization.

) o
@ "
A




CHAPTER II

LATERAL MATERIAL MEIGRATION STUDIES

Introduction:

In our last Annual Repors the physical mechanism for field induced
material migration was discussed.It was suggested that the applied
electric field deforms the surface potential function so that field-
assisted diffusion of material along the surfaces causes material mi-
gration. It was shown also experimentally that sputtered electrode ma-
terial enhances material migration and that the type of treatment of

the GaAs surface affects the processes strongly.

Therefore, further XPS (X~Ray Photoelectron Spectroscopy) studies of
(100)-GaAs surfaces were undertaken now and were correlated with a treshold
voltage for material migration, This treshold voltage is defined as the value
required for the onset of a practically instantaneous complete short cir-
cuiting of neighbouring electrodes (usually within a fraction of a
second). In addition to the results presented in our previous Annual Report,
some other surface conditions based on a specific selection of etching and
cleaning processes as commonly employed for the manufacture of GaAs devices
have now been investigated. The XPS-spectra gave detailed information on the
type of surface, (e.g. of the layer very ¢lose to the surface, of deepere
lying layers, of the absorbed oxygen etc.) which is also of interest con-
cerning the other degradation mechanisms in MeSFETs as presented in

subsequent chapters. Concerning related publications, we refer to |1,2].
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Our measured treshcld values show that the lateral material migration

is indeed strongly influenced by the surface oxygen content.

FABRICATION AND EXPERIMENTAL PROCEDURE

Closely spaced electrode gaps with 20 and 40 um distances were manu-
factured to study the field induced material migration. Semiinsulating
(s.i.), Cr-doped bulk GaAs with a high resistivity (>10°® @ . cm) was
chosen as the substrate so that current-induced heating of the sample does
not have to be taken into consideration. After wet-organic cleaning of
the substrate, the surfaces were etched for 1 minute with various etching
solutions (see Table 1). The first group of samples was treated by a sul-
furious acid solution which we commonly employ for mesa-etching. The se-
cond group of samples was only cleaned by organic solvents. A pre-evapora-
tion etch was applied to the third group. We found high treshold voltages
for the fourth and fifth types, which are basic etchants. The temperature
of all etch solutions was 23° C. In all cases subsequent rinsing in H20
and drying in N2 gas was applied. Then closely-spaced Al-electrode struc-
tures were defined by Tift-off technique on the differentiy treated
(loo)-GaAs-surfaces. Fig.1l shows the optical mask with the two closely

spaced pairs of electrodes.

The free areas on the test chips, which experienced of course the
same treatments as the GaAs-surfaces between the electrodes, were then

XPS-analyzed to characterize the resulting surface conditions.
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Table 1 : Types of surface treatment

no. | solution remarks

] H2 503 (conz ): {2 021630 %) HIZOU Mesa - Etch

2 |only cleumng by organic solvents

3| NalH (12 fo) §H202(30 40)(I.Vol )| pre-Evaporation - Etch

L "010H H%O Etchants with expected

= TKON : fi0 higher thfesho.ld vo!tuges
5 : 1 for material migration

Etch time :1minute
Temperature : 23°C
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These measurements were undertaken in a Leybold-Heraeus system with : .
Al Ka radiation (radiation energy: 1486,6 eV). The electron energies -
were measured by a variable retarding potential and a spherical sector
analyser using constant transmission energy which gives constant band- ;> ®
widths and detection probability for the transmitted electrons,
Accelerated material migration could be observed when applying ? ®
high voltages between the neighbouring electrodes. The treshold vol-
tage, required for practically instanteneous complete short circuiting of
the electrodes by material migration, were measured during standard con- ° °
ditions of 23° C room-temperature and a relative humidity of approximate '
65 %. _
° o
XPS-ANALYSIS -
* e
In connection with the characterization of the differently prepared '
GaAs samples, the XPS-spectra of As 2p3/2, Ga 2p3/2, 01s, As 3d and
Ga 3d surface electrons were employed. Fig. 2 shows these spectra. ;-\ ° '
They are arranged in accordance with the type of surface treatment by »
rows 1 to 5. The 2p3/2 core level emissions of As and Ga are presented
in the first two columns. Since the mean free path for the electrons in ° . '.
GaAs without energy loss is energy dependent, the electrons of those
lines originate very closely to the surface, typically at a depth of 5 '
8 - 12 R |?|. On the other hand, the 3d, XPS lines of As and Ga originate , .
from the 3d electrons of deeper lying atomic layers with an average depth -:g;;bﬁii
® i.

......
~~~~~~




- 11 -

Asid Gald
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The treatments based on: (1) N7 503+ H50;, Kinetic energy €y /¢¥Y —
(2) only organic solvent cleaning, - Binding energy Ep=1486,5 eV (Al Kg) -Eyip
{3) NaOH + Hy07, (4 ) NaOH, (5)KOH

’ 1

Fig. 2 XPS-spectra of differently treated (100)-GaAs-surfaces S
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of 25 R. The 3d core level emissions are given in the two last columns.

Additionally the 1s XPS line of oxygen is presented.

In connection with the 2p3/2 and 3d lines, two separate levels
can be distinguished. The levels, representing higher kinetic energies
(lower binding energies) originate from those As and Ga atoms which
are essentially bonded in connection with the semiconductor GaAs. The
level with lower kinetic energies (higher binding energies) are caused

by the oxidised forms of As and Ga %

. The intensity of the maxima with
respect to the background noise is a measure of the concentration of the

corresponding type of atom.

Using these XPS measurements, the following details can be derived

(Fig. 2):

- The non-etched (loo) GaAs surfaces (row 2) exhibit primarily Ga and
As oxides. At increased depth the As oxide is reduced rather quickly
to As as bonded to Ga. On the other hand the Ga 3d line demonstrates
that its oxide penetrates rather more deeply into the bulk material.
This is in agreement with 5] where it was established that A5203 in

contact with GaAs should react according to the equation

+ 2 GaAs

A5203 > Ga203 + 4 As

vielding Ga203 and As as the stable phases which can coexist at

equilibrium with GaAs,
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- When the surfaces are etched in the sulfurious acid solutions

-

(row 1) they exhibit a strong contribution of As oxide. Even

down to a depth of about 25 R such a strong As oxide component

f ist still present (see the As 3d spectrum).

- Following through the three basic solutions NaOH + H,0,, NaQH :

and KOH (rows 3,4 and 5) both, the As and Ga oxides are removed

with increasing extent. The As 2p3/2 spectra show this particu-

larly clearly by the transfer of intensity to the As which L oege
is bonded to Ga. Similarly the Ga 2p3/2 spectra show this ‘ T"f(;~
by the shift of the maximum towards the Ga bonded to As. Even _t';
at a depth of 25 R this feature can still be clearly recognized f*;44:%;—;

with the Ga 3d line.

DISCUSSION OF RESULTS

Material migration from the anode to the cathode could be i ;fé~‘
observed after the application of high voltages to the neigh-
bouring electrode gaps. The treshold voltages required for
quasi-instantaneous compliete short circuiting of the elec- ," Vo
trodes by material migration are given in Table 2. It is ob-
viously that great differences exist depending on the GaAs

......

surface conditions as produced by the various treatment processes. R X ]

..........
. w e
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Table 2 :

solution

Dependence of threshold voltage on surface treatment

threshold voltage(typical)

20pm gap

Lumgap

H,803(conz.) :H702(30%): Hy0
1 10 10

50V

30V

only cleaning by organic solvents

100V

200V

NaOH (2% : Hz0 (30% ] (VoI %a) 450y
1 ; ]

270V

NaOH . H20
1 : 5

160V

300V

KO H,0

6 : 1

175V

320V

Temperature : 23°C
Rel. humidity : 65%

.
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Samples where the GaAs surface were etched with HZSO3 + H202 ) ®
showed by 50 % a reduced treshold voltage as compared to the
non-etched surfaces, whereas the treshold values for the samples

treated by the basic etchants were by 35 % higher than those

of non-etched surfaces.

t If one compares the XPS measurements with the measured ®

treshold voltages for material migration, one can see that the

migration depends very strongly on the amount of A5203 on the

surface. Fig. 3 shows the correlation of the treshold voltage with : e ‘

the logarithm of the XPS-ratio of As bonded to oxide to As bonded RS

to GaAs. The agreement of the reduction of the oxygen component with

the increase in treshold voltage is surprisingly clear. Whereas the

treatments based on alkaline etchants leave a low arsenic oxide to

GaAs-ratio with corresponding high treshold values for material mi-

gration, the empoloyed acid etch solutions lead to a strongly in- R 4
creased oxide component in the surface with unacceptably low ?i5
treshold voltages. if{ i'ftii
e
Very recently, the "gate-recess" etchant NH4OH (25 %) : H202 (30 %) ,
: H,0 of the ratio 2 : 1 : 300 has been investigated, which shows the ;'tigii;;ﬁ
same good behaviour as the KOH etchant. . 6“-”
In summary, we have reported that electric-field induced migration : il:it:
of electrode material along (100)-GaAs-surfaces strongly depends on R ‘,Q

surface treatment. A direct correlation between "XPS-GaAs-surface quality” L

------
P .




20pum LOpm

gap gap
30+ . 20um
= x 40pm
S 1501
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o
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XPSratio As 2p3/2 (oxid) : As 2p3/2 (GaAs) —=
Fig. 3 Threshold voltage for material migration versus ' ;igg

XpS-ratio As 2p3/,2 (oxide) : As 2{:‘3/2 (GaAs)
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and interelectrode material has been observed. The XPS-spectra

shows:

1. Samples cleaned by organic solvents only, exhibit primarily

Ga- and As-oxides.

& 2. Gallium oxide penetrates more deeply into the bulk material.
! 3. Surfaces treated by the acid etchant H2503 + H202 exhibit a
ii strong contribution of arsenic oxide even down to the depth

of the order of 25 R. A reduction of treshold voltage up

to 50 % have been observed.

4, The treatment with basic etchants removes both As- and Ga-oxides

and hence results in an approximately stoichiometric Ga to
As ratio. The treshoid voltages are more than 35 % higher than the
values for the non-etched surfaces. Best results were obtained

for the etchants KOH and NH40H + H202.

Using thi. analysis one can conclude that it is necessary to provide
as far as possible native-oxide free surfaces between closely-spaced
neighbouring electrodes. Since GaAs-surfaces, which are only cleaned
by organic solvents, exhibit a high oxygen content, it is desirable to

use a suitable surface treatment to achieve a high reliability of GaAs

planar devices.




We have now started investigations on other metallisation
materials like the ohmic contact composition Au-Ge.

To realize some manufacture procedure like in GaAs-MESFET-

technology the Au-Ge contacts have to be annealed after
deposition. Our first experiments show that this annealing

'; process (usually for lo sec at 460° C) changes the surface
condition drastically , although the annealing time is very
short. The effects on material migration due to the originated
surfaces will be taken into consideration by our further in-

vestigations.
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CHAPTER III

ELECTRON WIND VOIDING IN NARROW METALLIZATIONS AND ITS
CHARACTERIZATION WITH PARTICULAR RELEVANCE FOR GaAs MeSFET GATES

Aluminium (A1) is quite commonly used for the Schottky-barrier

gate metallization in GaAs MeSFETs [6,7] and also as narrow conductors
for biasing and interconnect Tine in GaAs IC's. When such narrow
conducting lines are current stressed (above certain treshold current
densities of around Jth~lo5 A/cmz), the metal ions under the impact

of the electron-wind force (as a result of momentum exchange with the
electrons) are dragged along the direction of the electron-flow resul-
ting in electro migration of the material. This mass transport under
high current densities is an electron-wind assisted diffusion phenomenon
through the grain-boundaries of the metallization under the normal
operating conditions of the GaAs device and is characterized by an
activation energy Ea’ relevant for the existing diffusion mechanism.
When the device is under operation, conditions such as temperature
gradients, compositional inhomogeneities and particularly the struc-
tural variations, e.g. change in grain-size or in grain orientation,
give rise to divergencies of ion-flux leading to the formation of
vacancies or holes which grow into stable voids as a result of a de-
pletion of material and hillocks and whiskers due to accumulation of
material. The growth of the voids results in degradation of the device
characteristics and the eventual crack propagation may also lead to a
catastrophic failure of the open-circuit type (burn-out) due to electro
migration. Therefore, it was decided to investigate the electo migration
damage due to the electron-wind effect in Al-metallizations as used for
GaAs MeSFETs and for biasing and interconnect lines in their monolothic
circuits.
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As a first approach, Al-films were evaporated onto Corning glass
I with and without a chromium-layer interface. The reasons for choosing
a Cr-layer underneath the Al-metallization are the following:

- GaAs MeSFET devices are often fabricated on Cr-doped semi-insulating
GaAs; Cr has the tendency to accumulate at the surface during operation,

- Cr is used sometimes as a barrier layer in low resistance contacts in
GaAs devices and

. - Cr is quiteoftenemployed as a sticking agent for Al-lines on GaAs

Damage appearing in Al-metallizations due to electron-wind voiding
is characterized in terms of the activation energy EA for electro
migration for the relevant diffusion process involved in material migra-
tion along with a constant K which depends on the Diffusion coefficient
Do (at T» =) on geometric factors and on certain other properties of the
metallization, or in terms of the drift velocity Vg of the Al-ions drifting
along the grain-boundaries at a particular temperature for a constant
current density. The migration of the Al-ions under current density J is

related to the activation energy EA and the const., K through the

Arrhenius temperature dependance for D by the basic relation |8].
vg T
~$— = Kexp (- Eg/ ;) — (1 a)

orin Bl-qng- B.1 — (1 b)
+
where K = Do €Z ¢ — (1 ¢)

Eg the grain-boundary diffusion activation energy
z*e = the effective equivalent charge on the migrating Al-ion
the resistivity and k is the Boltzmann constant.

™
It

The investigations were performed using two techniques: ST 51
1) The meantime to failure (MTF) technique |9|and T
2) The Resistometric or Resistance Monitoring (RM) technique . s

2y fe o el
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The purpose of performing measurements on a glass substrate was two fold

- to standardise the technique of measurement
- to compare the results obtained with those in Al-metallizations on
a GaAs substrate.

After the initial standardisation work, we concluded that the RM
technique is more reliable and sensitive for the characterization of
the electro nigration damage parameters.

Investigations were subsequently performed in Al-metallizations eva-
porated on a high resistivity GaAs substrate (undoped, surface (100)
oriented) with and without the chromium-interface layer, using the RM
technique.

For the investigations by the MTF technique, Al-thin film structures of
the geometry shown in Fig. 4, with conducting line dimensions width

- 10 um, length - loo um and thickness -looo R were produced by the
standard photolithography and electron-beam evaporation from an Al-wire
in a vacuum of 1 x 10'6 Torr. Leads were bonded to the wider Al-electrodes
(bonding-pads) at the two ends of the conducting line (as shown in Fig. 4)
with silver epoxy glue (consisting of parts A and B of H 20 E (mixed with
the ration 1 : 1) supplied by Polytec, West-Germany). MTF investigations
were performed on these structures for current densities J from 1 to

3 x 106 A/cmz. Strong electro migration effects were seen even at room
temperature over a period of 16 hours for J =2 . 5 x 106 A/cmz. Material
migration was confirmed by observation of the current-stressed line

under the optical microscope with a magnification x625, when fine voids
or pin-holes were seen on the conducting line at the end near the cathode
electrode. Further passage of the current for a longer period resulted in
a growth of the voids near the cathode end with a crack developed in

30 hrs across the entire cross-section of the line leading to a cata-
strophic failure. Examination under the microscope revealed not only
cracks near the cathode end, but also some hillocks of migrated Al on

the half side of the strip towards the anode electrode along with a
number of fine holes near the middle of the conducting line (Fig. 5)
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Repetition of the experiment on structures of other shape, i.e. with ._
additional transitions from the conducting line to the bonding pads '
showed that pinholes or fine voids have also the tendences to nucleate
at or near these transitions (Fig. 7).

~ These results are understandable as follows: The electron-wind asso-

f ciated voids (ultimately leading to a crack) near the cathode end are

{ due to two reasons: (i) non-uniformity in the current density J near the :

?a part of the line where it opens up to the wider electrodes so that the rate, o

at which material is transported away in the direction of electron flow,

, is larger than the material supplied from the cathode electrode. This leads
. to a depletion of material, (ii) a positive temperature-gradient in the

é’ Tine near the cathode end due to Joule heat produced by the high current

! and with better cooling near the ends due to the wider electrodes.This

temperature variation results in a difference in the ionic mobilities in

this region leading to depletion of material in the form of voids.

Hillocks formed on the line on the anode-side are due to accumulation of

material in the negative temperature-gradient region there in the direc-

tion of electron-flow. The formation of pin-holes near the middle of the

line are again due to a higher ionic mobility there due to a maximum in
temperature profile there. The formation or appearance of voids near

such transitions as those to the bonding pads or at discontinuities such
as corners are then expected to be due to the discontinuities in the cur-
rent density in these regions. A conclusion of these results is that

the occurance of conductor-discontinuities,in fact any variation in the
width along the metallization, should be avoided as far as possible

so as to prevent the nucleation of voids. Providing efficient heat sinks
is thus also expected to minimize the damage due to any temperature
gradients.

In order to estabiish the activation energy associated with a current -7
induced material migration, meantime to failure (MTF) measurements were
performed on a number of identical samples with a line width of 13 um, —
a thickness of 1050 & and a length of 100 um, identically current '




stressed with J = 3 x lo6 A/cm2 at different temperatures in the range
20 - 120° c, using a constant current source and an x-t recorder.

The results were then plotted (M%F Vs 1/T), and from the resulting
Arrhenius plot, expected to satisfy the relationship (within the stati-
stical error-limits)

ml.]_. - K A 3" exp (- Eg/kT), — (2)

an activation energy Eg of 0.40 eV was obtained which lies within the
range of Eg (0.29 - 0.84) eV as reported by various workers {9-12].

A MTF technique is good for the qualitative study of the damage phenomenon,
but an estimation of the basic value of Eg is erraneous by this technique
owing to the very large J and higher strike temperature in the void region.

In order to avoid large-signal electron wind effects and to analyse
electro transport in the early stages a resistance monitoring (RM) technique
was then introduced which should lead to more accurate and reliable esti-
mation of Eg. Four voltage probes along the length of the conducting line
were incorporated to monitor the resistance of the different zones of the
current-stressed line.

A new test structure, as shown in Fig. 3 was employed. The maximum in-
crease of resistance was always observed for Zone I, as dented in Fig. 6,
near cathode, where the convergence of current line produces the stron-
gest voiding effect. Our technique of measurement followed the details
as published by previous authors. 10| From the measured rate of increase
of resistance-%—% (of Zone I) in the steady state of electro transport,
one can measure the drift velocity vB of the migrating Al-ions by the
relation. |lo, 13|

vg= 8- “ol_ LR (3)
where 1 is the distance between the cathode and the voltage probe
(1ength of zone I here),
Ro is the equilibrium resistance of the segment or zone I (to in-
clude the increase in resistance due to Joule heating) just
prior to steady electro tansport.

and 8 is a constant factor which depends on the ratio of the grain-
size to the width of the stripe. For small grain size
g=1.11=1,

..........
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Damage caused by'electron-wind' voiding in Al/Glass structure
for J = 2.5 x 10°
the entire cross-section near the cathode end, hillock formation .

- 0
A cm 2 at 50-loo C: Crack propagation across

near the anode end, and pin-holes or voids at and near the transi-
tions to the bonding paas.
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The activation energy Eg can then be estimated from the measured

p_ drift velocities Ve of the migrating Al-ions at different temperatures

. of the stripe (including any effect of Joule heating in connection with R

: our strike-temperature estimation) by making use of equations (la) - (lc). lf}]f.}f*
Estimations of Eg and the constant K have been done from the measured

temperature dependance of viT which fits into the Arrhenius plot

corresponding to Eg (1b) 5;J_using this RM technique for the following :

metallizations. P

1. Al over corning glass (Al/Glass),

2. Al over semi-insulating (s.iy GaAs (Al1/GaAs),

3. Al over corning glass with an interfacial Cr-layer (Al/Cr/Glass)
(1150 B/350 R : e-beam / normal evaporation) T 'Y

and )

4. Al over S.%.GaAs with an interfacial Cr-layer (A1/Cr/GaAs).
(1070 R/ZIO R : with e-beam evaporation)

Al- and Al/Cr-metallizations were evaporated using identical photo-
resist masks by the contact process under identical conditions of

technological processes. The films were deposited in an evaporation PR
6 ——

chamber with a vacuum of 1 x lo =~ Torr. The width of the conducting

line of the structures was 20 um, its active length about 200 pm divided

into three zones (as shown in Fig. 6) of lengths 50, loo and 50 pm
successively.

The thickness of the Al-films was about looo R and that of the _
Cr-interface had a range of (200 - 350 R). The rate of Cr-film deposi- S
tion was about 1 R/s, while that of the Al-film was about 4 R/s up to . |
the first 500 R and then about 6 to 8 R/s for the next 500 R. °
Before the deposition,the surface of the glass-substrate was cleaned
with Balzer's substrate cleaner solvent, while the GaAs wafer (which
has a (100) oriented, polished surface as supplied by Sumitomo Electric
Co., Japan) was cut into rectangular samples (size about 8 mm x °®
7 mm and and thickness 0.40 mm), the polished surfaces of which were
cleaned in acetone at room temperature to remove possible organic
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contaminants and crystal dust (spread on the surface in the process -’

of cutting the samples from a large wafer). Each substrate-slice AR
was examined before film deposition under the optical microscope. fiﬂ3${}3§€
A1l this was done to ensure identical known conditions of substrate :7;4;i1t3

before metallization. After metallization, the samples were current-
stressed for a current density J = 1.8 x 1o6 A/cmz. The type of
electron-wind damage seen on such structures is shown in Fig. 7.

! From the measured values of drift velocity vg of migrating
‘ Al-ions, as determined from the measured rate of increase of resistance
for the zone I of the strike at different temperatures, In —J— vas

plotted against %—. The measured data was found to fit into linear S
curve, indicating that the Arrhenius diffusion law is being obeyed ,
in electro transport. From the slope of the linear Arrhenius plots ;.:-i?;A 1
(in accordance with EQn.(1b), the values of the activation energy Eg IR
for the diffusion process in differenct Al-metallizations on various i
substrates were evaluated, along with the values of the constant K from e
the intercept which includes the diffusion coefficient D, (at T» =), Eiff':‘f%*

The values of Eg and K taken tngether according to Eqns(1l) give the S

value of drift velocity v_ of the migrating ions at any temperature e g
for a particular value of current density J. This value of Ve reflects
the damage to a current-stressed metallization due to electro transport
or electro migration. T
The values of the activation energy Eg, constant K and drift velocity

v, at 100° C for J = 1.8 x 1o6 A/cm2 obtained in Al-metallizations on
Glass and GaAs are shown in Table 3, while those for Al-metallizations with
an chromium interfacial layer are shown in Table 4,

The values of the activation energy EA obtained indicate that the i};;?}?;i{
predominant diffusion mechanism in thin Al-films is grain boundary ST
diffusion. The Tower value of v, in the metallization on GaAs (as com- N
pared to that on glass) suggests that the electro migration damage is

slower for Al/GaAs structures than for Ai/Glass.




TABLE 3

Parameters deciding the formation of voids, and material

migration due to electro transport in Al-metallizations

as relevant for gate metallizations in GaAs MeSFETs.

1. - Drift velocity of migrating Al-ions at a particular

v

B
temperature for a const., J

2. Ep - Activation Energy for electro migration for the invol-

ved diffusion process.

3. K - Constant = Qﬂ—éi—g—g
in accordance with the equation

v T _ _E 1

Structure |Substrate Temperature \ 3 K

surface Range at Too? C A

Treatment for J= 1.8 x T
lo® A/cm? (eV) ( § )

(cm/s)

Al/Glass |with Balzers' (50 - 110° C | 3.1 x lo~
substrate
cleaner
solvent

Al/GaAs | Polished GaAs |60 - 140° C | 7.0 x lo~
surface clea-
ned with ace-
tone at room
temperature

AL/GaAs Polished GaAs looo- 1.9 x 10 10 0.52 4 x lo =/
surface l.clead 220" C
ned with orga-
nic solvents &
then etched in
alcaline et-
chant

8 1o.46 1 x lo”

7 o6l 3x 1o "
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TABLE 4

Parameters Vo EA and K deciding material migration

due to electro tranpsort in Al-metallizations over

a Chromium-interface

Structure| Substrate sur- Tempera- Vg EA K
face treatment ture 0
Range §3:13°=C (eV) (cm3 K )
1.8x 1o R:s
A/cm
(em/s)
M/Cr/ | with Balzers' 25 - 1.1x 10 | 0.3 4.0 x 1o~
substrate 0
Glass cleaner 125 C
. o -9 -lo
Al/Cr/ polished GaAs 20 o 7.9 x 1o 0.14 1.3 x 1o
GaAs surface clea- loo” C

ned with ace-
tone at room
temperature

At
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The difference in the values of EA for Al-metallizations (Table 3 & Table 4)
on different substrates indicates that, under identical conditions of
Al-evaporation, the values of Eg and the other electro transport para-
meters depend strongly on the type of the substrate and on the surface
properties of the substrate. Since the substrate surface determines the
grain-size and grain-structure of the films deposited on it, and since the
size and structure of the grains in the metallization has been found to
infiucence strongly the grain-boundary diffusion, the electro migration
damage is expected to be affected by the surface-quality of GaAs.

The higher value of EA in Al/GaAs metallizations (0.61 ev), compared
to that in Al/Glass, suggests that at ordinary temperatures, material
migration is very low but at higher temperatures it is expected to in-
crease rather rapidly.

The main aim of the present work is to establish the optimum condi-
tions for surface treatment of GaAs and for evaporation of different
aluminium Schottky metallizations on them to obtain stable MeSFET gate
structures. If one deposits the Al-films under standard evaporationa con-
ditions and keep them identical for different substrates, one finds that
electron-wind voiding or electro migration damage is lower in an Al/GaAs
system than for Al/Glass. The desired criterion for low electro migration
damage of devices are: the lowest possible value of drift velocity Ve
of the migrating Al-ions at a particular temperatur (or in the temperature
range of operation of the device) for a constant current density J; the
highest possible value of Eg with a Tow value of the constant K.

In order to have more stable Al-gates in GaAs MeSFETs, the next stage

of investigation is to deposit the Al-metallizations on GaAs (semi-insula-
ting) with its polished surface treated with different technological pro-
cesses such as with different chemical etchants.

The damage parameters related to material migration due to electro
transport in Al/Cr metallizations, as obtained from the experimental Arrhenius
plots, are shown in Table 4. The two different types of substrates tried
are again glass and GaAs. The values of the activation energy E, obtained
ar” too lTow for grain boundary diffusion (particularly in Al/Cr/GaAs me-
tallizations).

..........

.........

ol
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Ideal {oxide-free) surface diffusion, based on trapped holes or

islands in the film (for which ES = 0.23 eV |14]), may be a possibility
for material migration, although aiso this is unlikely as it requires
an adequate number of trapped holes or islands. The low value of the

g in Al1/Cr/GaAs and the small value of K suggests that
in Al/Cr metallizations on GaAs, the electro transport is very slow.

drift velocity v

Further, a very low value of activation energy EA (= 0.14 ev) in this
metallization suggests that the effect is aiso not so temperature sen-
sitive,i.e. the damage due to electro migration is small at room tempe-
rature and it does not increase rapidly at higher temperatures. On the
other hand the damage due to electro migration in Al/Cr-metallizations on
glass is quite noticeable and is more temperature sensitive. At increased
temperatures (above around 200° C), an additional and rather dominant
failure mechanism seems to be an interaction or interdiffusion of Al and
Cr, as observed in the relatively rapid burn out of these Al/Cr/Glass me-
tallizations at higher current densities (J = 4 x 10° A/cmz)Fig. 8a.

When this Al/Cr metallization was current stressed with such a high current
density, the large Jouly heating causes the film temperature to rise to
above 200° C, and a quick burn out failure was observed within about 5 min.
Fig. 8a, which has an Al-fiim as the top layer, showed not only a crack
developed near the cathode electrode but also serious damage due to the
composition of the active line particularly in the region of the positive
temperature gradient where a wide portion of the Al-film turned brownish,
This seems to be due to an interaction or interdiffusion of Chronium into
Al. An examination of the Cr-side of the A1/Cr metallization (on Glass),
Fig. 8b, showed the disappearance of the Cr-fiim (steel grey in colour)
underneath the Al-layer (silvery shining layer) in the damaged region

of the film, as mentioned in Fig.Ba. This observation suggests that the
damage failure mechanism in anAl/Cr metallization on glass, at higher
temperatures (> 200° C) can also be interdiffusion or interaction of Al and
Cr. The conclusion is that the damage in Al/Cr-metallizations on glass

is caused not only by electron wind voiding (i.e. electro transport) but
also by interdiffusion of Al and Cr particularly at higher temperatures,
while Al/Cr-metallizations on GaAs seem to be quite stable concerning any
electro transport damaqe at the temperature ranges of interest and that
this damage is also by temperature-sensivity.
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dne of the important results obtained with different Al-metallizations .
is tnat electro migration damage depends on the nature of the substrate :
and on its surface quality. From the view-point of stability with the Al- _’_':iv"
gate structures in GaAs MeSFETs concerning electron-wind voiding, we have :?53flﬁ;i;
further examined the electro-transport damage parameters in dependance ®
on the surface quality of the GaAs, as this could affect the grain
size and structure of the Al-films deposited on i1t. The treatment of
the GaAs surface, after chemical-polishing with organic solvents
(1ike acetone, trichlor ethylene and methanol-nearly for 1o | ®
minutes in each) has been attempted with different chemical etchants
(alkaline and/or acidic) before Al-deposition. The following etching

solutions have been used on GaAs:

i. the pre-evaporation (alkaline) etchant consisting of NaQH (2 % by weight)
+ H202 (30 % conc. - 4 % by volume) mixed in the ratio 1:1.
The etching was performed at 23% ¢ (room temp.) for 1 min. It has been
established from ESCA surface analysis work done in our laboratory e

(and reported in the previous Chapter 1I of this Report) that
this etchant removes undesired oxides of As and Ga from the GaAs sur-
face to a large extent.

ii. the acidic etchant consisting of

H,504 (conc.) + H,0, (30 % conc.) + H,0 (deionized) mixed to the ratio }
of 1 : 1 : 1. The etching was performed at 23° ¢ (room temp.) for 1 min. S "1
ESCA surface analysis has shown (reported in Chapter 11 of this Report) ) L] ;

that a GaAs surface chemically polished in organic solvents as detailed
in (i) and then etched in this solution, is found to be rich in R
Arsenic Oxide. :

ffter etching GaAs samples in these alkaline and acidic etchants
examination of the surfaces under an optical microscope has revealed that
the alkaline etchant (No.(i))leaves the GaAs surface quite shining ana
clear, while the acidic etchant produces a surface which is dull, bluish . ©

and quite often with fine straight scratch marks.

After fabricating bonding contacts to current and voltage electrodes

T
- A o~ L a Al A e A

with silver-epoxy the A1/GaAs structure based on a specific type of , o
etching, was current stressed using a current density of J = 1.83 x lo6 A/cm2
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ﬂ at room temperature. The resistance monitoring technique was used to
measure the drift velocity Va of the migrating ions. At room temperature,
any effect due to material migration was found to be too small to be

. measured with any reliable accuracy within 24 hours of current stressing.

ii The sample was then current stressed at elevated temperatures and,

including the effect of Joule-heating, the rate of increase of resistance

of Zone I of the metallization was measured in the temperature range

from loo - 220° C. The values of vy were also determined, using Egn (3).
t; The measured data at different temperatures (i.e. In Vg T ys. 1/T)
was found to fit again into a linear Arrhenius plot, “from which the
values of Eg and K were determined. These values and the drift velocity
vg of the migrating Al-ions at 100° C has also been shown in Table 3
(bottom row).

]
3
3
3
l

Let us examine these results keeping in mind that the desired proper-
ties of metallizations for low damage rates are a high value of Eg with
a low value of the constant K or the Towest possible value of the drift

velocity v, at a particular temperature (say loo® C) for a constant value

B
of J. The comparison of these parameters for Al-gate metallizations indi-
cates that a GaAs surface, chemically polished and etched in a

(NaOH + Hy0,) etchant gives a value of Vg which is the lowest of the

three systems shown, whereas the value of the grain-boundary-diffusion

activation energy remains reasonably high (Eg = 0.52 ev) and the constant
K(i.e. 4 x 10'7) involving D, remains very small.

This investigation, therefore, suggests that at temperatures below
100° C , the damage caused by electro migration is small in Al-metalliza-
tions evaporated on a GaAs surface, which is chemically polished and _
etched in a (NaOH + H,0,) etch solution. A ¢

The investigations on Al-gate-metallizations with GaAs surfaces
treated with other etchants such as acidic ones as detailed in (ii) etc. :
are not yet satisfactorily completed and will be presented in the next . @
report. It is also planned to correlate the observed facts interims A :"
of the grain-strucure of the GaAs surface and that of the resulting :;Ejiifszl
Al-metallization with the help of a scanning or transmission electron R
microscope. _ L]
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Preliminary attempts for the surface photographs of the Al-metallizations 1
on GaAs (semi-insulating) with a scanning electron microscope did rot
, lead to any information regarding the grain-structure due to the poor
% contrast of the image formed both by the scattered electrons as well
{ as by the back-reflected e-beam owing to high resistivity of the sub- 1

PO W WP |

{ strate on which Al-metallizations are deposited. Attempts were then
made to take the transmission electron microscope (TEM) photograph of
t the surface but this required a cantilever - type of suspended metal |
film with no GaAs underneath. Therefore, we tried to make use of a
{ replica technique to take the surface impression on an organic solvent
1 sprayed on to our Al/GaAs structure. This solvent hardens quickly on
i' to the metallization and can be easily removed as replica containing
the surface topography of the metallization. On this hardened organic
layer, platinum and carbon layers are successively deposited. The
impression of the surface are thus now transferred to the Pt/C film
ii which is investigated for the TEM photograph. This investigation to
correlate the observed electron-wind damage phenomenon with the grain-
structure of the Al-metallization and that of GaAs surface structure

A

is also being carried out.

Hi It is also planned to carry out these investigations on Al-gate-metalli-

! zations with Titanium (Ti) interfacial layer i.e. on structures like

3 A1/7i/GaAs or Ti/A1/Ti/GaAs and then to correlate the stability of these :
4. gate-metallizations with the surface-structure of the metallizations S 'W
{ and surface-treatments of GaAs - substrate. *
[

r, v 'f,'i“' .




CHAPTER IV

INTERDIFFUSION EFFECTS AT THE TRANSITION Al-GaAs

The results of our studies concerning field-assisted-interdiffusion
effects at the Al-GaAs transition that had been presented in the last
annual report, were entirely based on experiments undertaken at room tem-
perature and under normal atmospheric conditions. This means, that the
influence of oxygen, nitrogen and C0, on our results can not be neglected.
Indeed we have observed large oxygen concentrations at the Al-GaAs inter-
face which seem to be dependent on the electric field applied for long
periods. Indiffusion of oxygen for example can of course be prevented
by undertaking such experiments in oxygen free, inert gases or in a
vacuum system. Therefore an apparatus was developed which enables us to
carry out these long-time experiments simultaneously with several samples,
both in vacuum as well as under various atmospheric conditions and diffe-

rent temperatures. Experimental efforts at elevated temperatures in connec-

tion with Arrhenius plots might probably enable us to estimate the activa-
tion energies of the various interdiffusion effects.

The preparation of the GaAs surfaces before metal evaporation constitutes
another very important aspect concerning stability and interdiffusion pro-
perties of metal-GaAs contacts. Previous work has shown that the chemical
composition of GaAs surfaces, that means the amount of oxidized Ga and As,

absorbed oxygen etc., is strongly dependent on different methods of surface

treatment used during GaAs device fabrication (see also part Il of this
report).

During this period of the work, our experimental efforts were concentrated
on evaluating the influence of chemical treatment of the GaAs surface
before metal evaporation on field assisted interdiffusion effects pccuring
at the metal-GaAs transition. We chose Al for metallization because it

|-

|-
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represents one of the most widely used types of metallization in GaAs
device fabrication. Fig. 9a shows the structure of the samples which
consist of thin aluminium layers with well defined geometrical areas on
semiinsulating GaAs. An accurate definition of the quality of the
contact area that is to be analyzed by XPS, needs to be made to obtain
reliable and reproducable results. Before metal evaporation all samples
were subjected to a standard wet-organic cleaning process, consisting

of successive rinsing in hote acetone, trichlorethylene and methanol

for about five minutes in each solvent. Afterwards, three diferent types
of sample sets were prepared by etching in NaOH + H202 + H20, KOH + H20
and HZSO3 + HZOZ + H,0 respectively for one minute. (Fig. 9b).

The fabrication process was finished by the definition of the metal
contacts using photolithography and liftoff-techniques.

For each experimental set three identical samples were fabricated

(Fig. 9c). One serves as a reference sample whereas the other two are
biased positively or negatively for about 200 hours. The biasing voltage
was 65 Volts. All experiments were carried out at room temperature (23o C)
and in a vacuum system (1.10'5 mbar) to avoid additional oxidation or in-
diffusion of ambient gases during long time stressing. Before and after
the biasing experiments the current-voltage characteristics of the samples
were recorded. The concentration profiles of the Al-layer and the Al-GaAs
interface were obtained by XPS sputter profiling of both, the reference
sample and the positively and negatively biased samples after finishing
the long time stressing experiments. Their profiles have been computed from
Al 2p 3/2° 0 1S 1/2° As Zp 3/2 and Ga 2p 3/2 lines., For the devermination
of the concentration profile of oxidized aluminium, the energy shift of
the Al 2p 3/2 ox. line due to the formation of an aluminium oxide was of
course taken into account.

Comparing the corresponding experimental results, several important con-
clusions can be made,

1) Fig. loa and Fig. lob show the profiles of the aluminium and the alumi-
nium oxide concentration of samples etched in sodium hydroxide and
potassium hydroxide respectively before metal evaporation. One can

o
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generally observe a broadening of the aluminium concentration profile for ?f_v -

both sample sets, irrespectively whether the samples had been biased po- 'y
sitively or negatively during long time-stressing. This behaviour con- B :
firms our observation we have presented in the last annual report. ?ﬁ'}ﬁfl{lﬂ

.......

: It is possible that this effect is caused by a field-assisted diffusion WLl

’I of aluminium across and along grain boundaries so that grain boundary T e i
removal or restructuring is taking place and a reduced sputter rate can there- IR

t fore be observed. This explanation might be supported by the observa-

tion that the amount of broadening depends on the GaAs surface treatment

before metal evaporation. Samples etched in sulfurous acid before eva- f o

poration for example show practically no Al-concentration-profile broade-

ning (Fig. lo ¢) in comparison to samples etched in sodium hydroxide

or potassium hydroxide (Fig. lo a,b ). It seems reasonable to assume S
that the observed effects depend on the structure of the Al-layer because o
different etchants of course yield different surface properties on GaAs ?;~I€C"~';
which may then result in different nucleation and growth processes du- .. -
ring metal evaporation and therefore change the microscopic structure L
of the metal film [15] . Since the activation energy for diffusion . ®
along grain boundaries is smaller than for intra-grain diffusion |16/, '
diffusion effects at room temperature are strongly affected by the -0 00
grain structure and the number of grain boundaries and therefore by

the film structure itself.

2) Another very interesting effect occuring during bias stressing can be 4
observed by considering the amount of oxygen at the interface before | ®
and after sample stressing (Fig. 11-13). It is apparent that positive
bias causes an increase inoxygen concentration at the interface where- O
as negative biasing nearly maintains the oxygen concentration or even f:'ijgjjf
causes a depletion of oxygen in the case of samples that had been et- - L
ched in sodium hydroxide before Al evaporation (Fig. 11). A systematic ‘
analysis of the XPS spectra reveals that oxygen at the interface is

entirely bonded to aluminium. No galliumoxide or arsenic oxide could ?_j,;f;:f
be detected. This means that a reduction of the native oxides on the - o
GaAs surface had taken place during aluminium evaporation. It is inte- el i

resting that the aluminiumoxide at the interface seems to have another 5jf:;;{fi
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chemical composition than the Al-oxide in free Al surfaces. This is
indicated by the Al 2p 3/2 spectral lines for aluminium surface

oxides and interface oxides (energy difference about 0.6 eV). It
should be mentioned that an increase in aluminiumoxide concentra-

tion at the interface after positive biasing has been observed

in all sample sets, independent on the type of pre-evaporation etchant
which had been used. Both, the initial oxygen concentration at the
interface and the oxygen accumulation after positive biasing are

found to be directly affected by the GaAs surface preparation be-

fore Al metallization. This is in agreement with results obtained
previously at the Institute that different etchants applied on GaAs
surfaces change both type and concentration of native surface oxides
(see also part II of this report). Using potassium hydroxide as pre-
evaporation etchant for example (Fig. 13) only a small initial oxy-
gen concentration at the interface and only small changes of this
concentration could be observed after biasing in contrast to the

two other etchants used for sample preparation. It is interesting

that these changes in oxygen concentration at the interface occur

even when the biasing experiments are undertaken in a vacuum system.
Since no indiffusion from the ambient is possible in this case,

the oxygen accumulation at the interface can probably be considered

as a field-assisted redistribution of oxygen or aluminiumoxide which is
available at the interface or in the grainboundaries of the Al-layer.
This redistribution process can possibly be explained to be a defect
mechanism in connection with negatively changed vacancies in the grain
boundaries of the Al-layer or at the interface.These negatively changed
vacancies may then be able to move against the direction of the elec-
tric field by changing their places with neighbouring neutral atoms.
More investigations in this field have still to be undertaken in the
future to explain the proper physical mechanism of these rather compli-
cated and complex effects.




3) Fig. 14 show the Ga 2p 3/2 ratio at the interface for different ,Aq.’
sample treatments and biasing conditions. These diagramms have been o
computed from the XPS spectra taking into account the shift of the

gallium and arsenic concentration profiles that is due to the alu-

minium-concentration-profile broadening mentioned above. It is ,

apparent that the Ga to As ratio generally decreases immediately T

at the interface for all samples independent of the preevaporation

etchant used and the polarity of the bias during long time stressing. . )
]

An analysis of the XPS spectra reveals that the decrease of the Ga
to As ratio seems to be due to an arsenic accumulation at the inter-
face. The magnitude of this accumulation is influenced by both the

chemical surface treatment before metal evaporation and the biasing
condition during the stresssing experiments. Comparing Fig. 14 a, b,

¢ and Fig. 11 - 13 yields a strongcorrelation between the oxygen con-
centration and the Ga to As ratio at the interface. Positive biasing
for example increases the oxygen concentration and the Ga to As

ratio at the interface simultaneously. Nevertheless an arsenic over-
shoot at the interface can still be observed. We don't know exactly

at the moment whether this increase of the Ga to As ratio after po-
sitive biasing is due to field assisted outdiffusion of arsenic or an
indiffusion of Ga atoms. Further experiments will have to be under-
taken, especially improved depth resolutions and different kinetic
energies of the sputtering Ar ions during profiling to clarify these
effects and to exclude any sputter related troubles like preferential
sputtering and a decrease of depth resolution with increasing sputter - 4
depth. |17] ’

4) As mentioned above, current-voltage characteristics of the samples were
monitored before and after bias stressing. Typical shapes of the I-V cha-
racteristics obtained will be explained in connection with Fig. 15 - -
which shows the positive and negative part of the I-V characteristic ';]f'ﬁ;ijk
of a sample treated with potassium hydroxide before aluminium evapora- : "
tion. A relatively steep current increase can be observed at low vol-
tages (region 1) followed by a region showing very high differential
resistances (II) and finally a region (IIl) with a very steep increase SRR
of current at high voltages. T
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According to Kao {18, this current voltage characteristics seems to be
typical for doubie injection in solids between two similar Schottky con-
tacts (Al-GaAs-Al). The band structure of an Al-GaAs Schottky contact

shows that in this case the Schottky barrier for electrons is higher than
for holes (0,8 eV for electrons in comparison to 0.65 eV for holes) |19].
Therefore at low voltages a hole-current flow from the anode to the cathode of
a Al-GaAs-As contact system seems to be more likely than an electron flow

in the opposite direction. The current is said to be bulk Timited in that
region {I). In region II of the current-voltage characteristics, no further
additional holes can be extracted from the anode in spite of increasing
electric fields with increasing voltage between the contacts. The current
flow is contact limited in that region. The steep current increase in

region III indicates the beginning of double injection. That means that now
electrons are injected at the cathode and both electrons and holes contribu-
te to the current flow. The positive and negative parts of the I-V charac-
terstics show a rather asymmetrical behaviour especially with regard to

the transition from the contact-limited area tothe region of double in-
jection. This asymmetry is possibly the result of the different surface
roughness of the back- and the frontside contacts of the samples (The wafers
used for sample preparation have had an unpolished backside and a polished
frontside). Increased surface roughness of course leads to locally in-
creased electric fields just underneath the contact, which results in a
premature onset of double injection if the backside contact serves as a
cathode so that electrons can be injected(for the positive region of the
current-voltage characteristic).This means generally that the treshold
voltage for double injection is strongly dependent on the contact structure.
Moreover Kao |18| has shown that the saturation current at the treshold
voltage between regions I and Il of the I-V characteristic is a function of
the barrier height for the injected carriers (possibly holes in that case).
Therefore changes of electronic states at the Al-GaAs interface can probably
affect the shape of the I-V characteristic.

Indeed we observed a strong dependence of the measured I-V characteristics
on both the surface treatment of the samples before metallization and on
Jongtime stressing experiments (Fig. 15-17). Samples etched in sulfurous

¢ ot
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acid, for example, show much lower treshold voltages for the beginning of
double injection than samples etched in potassium hydroxide( Fig. 17).
After sample stressing the following changes of the I-V characteristic
could be found
. - An increase of the plateau-current in the current limited region
was observed, both in the positive and in the negative part of the
1-V characteristics. However, this change is more pronounced in the
positive part. It is most likely that this is due to the asymmetric con-
l tact system. In the positive region of the I-V characteristic the current
| in the contact limited region is governed by the Al-GaAs contact on the
polished side of the samples whereas the current saturation in the nega-
tive part can be referred to the unpolished, less ideal Al-GaAs backside
contact. Therefore, the saturation current in the positive part of the
I-V characteristics seems to reflect the properties of that contact system
that will have been XPS analysed lateron. At the moment it is not possible
to determine definitely, whether the saturation current is affected by the
polarity of the bias-stressing experiments since the differences measured
so far are within the experimental errors. A series of statistical measu-
rements will have to be undertaken to obtain a reliable understanding.

- The treshold voltage for the onset of double injection has also changed
after bias stressing. Since this treshold is determined by the beginning
of electron injection from the cathode, the negative part of the I-V

f characteristics reflects the properties of the corresponding contact

* system in this case. It seems that the treshold voltage is dependent

on the polarity of bias stressing. Considering samples etched in potassium

hydroxide e.g. , one can observe an increase in treshold voltage after _

positive biasing (from 126 to 132 Volts) and a decrease after negative .' ) ";
biasing (from 126 to 115 Volts) (Fig. 15, 16). Nevertheless more ex- '
periments will have to be undertaken to eliminate stray effects.

The bias stress dependence of the I-V characteristics might be reduced firmly » e
to field assisted structural changes in the Al-layer (see also point 1) and :

secondly to electronic states at the Al-GaAs interface that have been changed




by one of the diffusion mechanisnt detected by XPS sputter profiling, be-
cause changes in the electronic state density at the interface will affect
the barrier height and therefore the I-V characteristics, too.

Table 5 gives a short summary of our results obtained so far. Here,
the most important details are summarized shortly and assigned to
both, the GaAs surface treatment before aluminium evaporation and the
biasing conditions during long-time stressing.

For future work it is planned firstly to complete our measurements on
& the contact system aluminium-semi-insulating GaAs as mentioned above

and secondly to extend our investigations on different Schottky and
Ohmic contacts on n-and p-GaAs.

PR
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APPENDIX

List of Student Projects related to the Present Report

1. El-Hage, Hussein

Soebandi, Anang - St 1219 - 14.10.1982
Herstellung und Untersuchung der elektrischen Eigen-
schaften von Metall-Halbleiteriibergangen
(Manufacture and characterization of metal-semi-
conductor contacts)
2. Diakopouloi, Danai - D 1227 -
Herstellung und Untersuchung von Chrom-Kontakten
auf GaAs
(Manufacture and characterization of Cr-contacts on GaAs)
3. Krizek, Franz - D 1251 - 2. 3.1983
Optische Bestimmung der Barrierenhthe von Schottky Dioden
auf unterschiedlich gedtzten GaAs-Oberflachen
(Optical Determination of barrier height of Schottky contacts
on differently etched GaAs surfaces)
4. Grigoriadis, Nikolaos - D 1303 - 27. 2.1984

Untersuchung der Spannungsfestigkeit eng benachbarter Elektroden
fiir monolithisch integrierte HF-Schaltkreise
(Voltage stability of closeley spaced electrodes for monolitic GaAs IC's)

5. Charzakas, Athanase - D 1308 - 12. 3.1984
Experimentelle Untersuchung des Verhaltens unterschiedlich ge-
stalteter Metall-Halbleiter-Obergange bei hohen elektrischen
Feldstarken ‘
(Experiments on differently shaped metal-semiconductor transitions
regarding high electric voltages)
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Scholz, Rainer - D 1315 - 4, 7.1984
EinfluB der Oberflachenbehandlung von GaAs auf die Spannungs-
festigkeit monolithisch integrierter HF-Schaltkreise
(Influence of surface treatment on GaAs on voltage stability
of monolitic GaAs IC's)
. Reinhard, Hans Walter - D 1335 - 19, 9.1984

Entwurf und Aufbau eines steuerbaren, geregel ten Schaltnetz-
teils fir hohe Ausgangsspannungen bis 1000 Volt

(Studies concerning a stabilized power supply with voltages
up to 1000 V)

. Ladas, Panagiotis

Maros, Konstadinos - St 1344 -
Herstellung und Untersuchung von Metall-Halbleiterkontakten

fiir GaAs-Hdchstfrequenztransistoren

(Manufacture and Characterization of special metal-contacts for
GaAs transistors)

Pitz, Gerhard - D 1347 - 12. 2.1985
Herstellung planarer Strukturen flir GaAs-Hgchstfrequenzbauelemente

und experimentelle Untersuchung ihrer Zuverldssigkeit

(Planar structuring fUr GaAs devices concerning high-reliability
behaviour)

Dworschak, Peter - D 1355 -
Softwareentwicklung fiir ein 6502-Mikroprozessorsystem zum Aufbau
eines adaptiven, programmierbaren Temperaturereglers
(Software-development for a 6502 microprocessor system for a
programmable temperature controller)
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