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Abstract—This paper presents results of the electrical
characterization of a Ge/Pd metallization scheme fo n-type
GaAs. A transition from Schottky to ohmic behavioris observed
as the temperature of the Post-Deposition Anneal [PA) is
increased. Ohmic characteristics of the contacts ar observed
after anneal for 1 minute in a N ambient at 400 °C and 450 °C.

Index Terms—Contact Resistance, Gallium Arsenide, Ohmic
Contacts

I. INTRODUCTION

WITH standard Si technology facing serious obstaclds ametal-semiconductor

reaching its physical limitations, there is an iag in
research on alternative semiconductors allowinggirgtion in
the established technology platforms. In this cxinta key
role is played by IlI-V semiconductors such as Gasl
related material (InAs, InGaAs,...). The high mipibf of IlI-
V materials makes them ideal for high-frequencyligppions.

With a low lattice mismatch with Ge (only 0.07%]}, i
appears straightforward to conceive as a next shep
integration of 1lI-V in Ge and Si technology. Hovesy in
order to reach such integration, important issusgeho be
addressed.

Recent efforts [1] have been focusing on the deratmt of
passivation layers for GaAs MOSFETS, proving thiYlare
excellent candidates to be employed as channelrialatéor
the next technology platforms.

Another concern, in view of integration, is to attahmic

contacts on
compatible with the ones employed in Si technologie
ability to create ohmic contacts to semiconduct®extremely
important, as they allow injection and extractiohcarrent
from the terminals of any type of devices. A basiguirement
of an ohmic contact is that it has a minimal impact
electrical characteristics, i.e., causing no paatiatrop across
the contact. When a metal is put in contact with
semiconducting material, the mechanisms for curterftow
are well known. For lowly doped materials, carrieem go
over the energetic barrier (which depends on tfieitgfof the
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semiconductor and the work function of the metgl)rbermo-
ionic emission. For heavy doping conditions, theriba
becomes narrower and the probability of tunnelimgpugh it
is high. This is the regime of Field-emission cutreFor
intermediate doping levels the two mechanisms aauroat
the same time, thus enabling a regime of Thermua-itiald-
emission.

It has been established that when a metal (or atepis in
contact with a GaAs substrate, the Fermi levehefdtructure
is pinned in the middle of the band-gap. The exgtian for
this behavior has been ascribed to both the higisitjeof
Surface StatesDi9 of GaAs [2] and to defect levels at the
interface [3]. This phenomenisn
independent of the metal and therefore makes ogeatilow-
resistivity metal contact on GaAs difficult. Ferlaiel pinning
also occurs in GaAs-related materials. In the cade
In,Ga,,As, the Fermi level is pinned at energy values
approaching the conduction bandxagoes to 1: in InAs the
Fermi level is found to be pinned at the conduchand [4].

Conventional ohmic contact schemes for GaAs arel-gol
based sintered structures like Au/Ge/Niffetype material [5],
and Au/Zn forp-type [6]. Such metallization strategies, despite
offering a very low contact resistance, present ortgnt
drawbacks: non-uniformity, surface roughness angboar
thermal stability due to a complex alloying proceSsaling
down Au-based metallization to sub-micrometer disi@ms is
even more complicated. To overcome these limitatioeduce
the thermal budget for ohmic contact formation alidw
scalability, there is a strong interest in provglialternative

llI-V developed with processes whicke arcontact schemes. These have been widely investigated

excellent results have been reported using a Gsiffedture.
First employed by Sinha et al. in 1975 [7], subssstudies
[8], [9] clarified the mechanism of Solid Phase tEpial
Growth SPEQ on which it is based. The technique involves
the deposition of a metallic transport medium, &ttp GaAs,
on top of which an amorphous layer of Ge is thepodied
without breaking the vacuum. The thickness of thgels is
chosen so that, upon anneal, the entire layer o Bdnsumed

in the formation of a palladium germanide. The riging
amorphous Ge is then transported across the getedni
grow epitaxially at the GaAs interface. In additiomdiffused
Ge atoms serve as donors when incorporated on s, Si
leading to a higher*ndoping. This results in a higher field-
emission component and a better contact resistance.
Transported Ge can also be doped, for examplenglacthin
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layer of Sb inside the Pd layer [10].

Il. EXPERIMENTAL DETAILS

A. Test Structures

To determine the contact resistance for ohmic asitia
semiconductors, Transfer Length Methdd (1) test patterns
are used: they consist of a two-terminal structuith more
than three contact pads. When a voltage is appletdieen
two pads, the contact resistance and specific coreaistance
can be determined by the linear relationship betwde
measured resistance and the gap spacing betweenrttaets.
In such TLM structures, current crowding and spimgdas
well as edge currents can seriously affect the ltesiio

overcome these problems circular geometries ared.us

Circular Transfer Length Metho@TLM) contact resistance
assessment provides an easy and
guantitative result on the metal-semiconductor fiomc
behavior [11]. In Fig. Ja schematic representation of a singl
CTLM structure is shown.

— GaAs

k Metal

Contac

Fig. 1. Schematic of a single CTLM contact. Tiuesr metal contagt
is separated by a ring-shaped layer of semiconduzaderial

Unlike traditional TLM, the CTLM has the advantagke
not requiring a mesa etch step. In this case veltagpplied
between the inner and the outer metal contact, amtent
flowing across is measured and the resistance elsamigh the
gap spacing. Plotting the measured resistancef@sction of
the gap spacing typically yields a non-linear cuwldch can
be made linear using correction factors [12]. Thigve
expresses the relationship between the total aesistand the
gap spacing. The measured resistaiRtas given by the
formula [13]:

R=1 (s+2L )2
2R

whereRgy is the sheet resistande; the transfer lengths the
spacing,R; the inner metal contact radius amthe correction
factor, given by the following formula:

(R+59)

R

From the intercept with theg-axis twice the value of the
contact resistancBc can be extracted. The intercept with th
x-axis yields a value of L2, Lt being the transfer length

c:ﬁln
S

rather straightfibrw

(inverse of attenuation constarit}. values vary in the range of
a few micrometers to several tens, with a shdrtdandicating
a better ohmic contact [13].

By conventional lift-off lithography, CTLM patterngere
defined: electrical measurements were performetivorseries
of circular structures, with central diameters 602and 6Qum,
and the spacing varying from 8 to 2hf. More details are
given further.

B. Fabrication Process

The schematic process flow to fabricate the tegéepss is
shown in Fig. 2. Onn-type Si-doped 18§ cm® GaAs
substrates, a 20 nm thick layer of sacrificial Si@as
deposited by Chemical Vapor Deposition (CVD). Tlager

was employed as a protective layer during the ditaphy

Steps, and etched by a buffered HF dip immedidtefgre the
metal layers were deposited. 50 nm of Ge and 50ohid
were thermally evaporated onto the sample at aspresof

goout X10° mbar.

A Rapid Thermal AnnealRTA was performed in a N
ambient for 1 minute at various temperatures ranfjiom 200
to 450 °C. It has been pointed out [14] that fogheir
temperatures the structure of the compound semimod
starts to degrade. Current-Voltage (I-V) electrical
characterization was performed on the sample assitep and
following the annealing process.
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Fig. 2. Flow chart of the process to obtain CTLivustures:(A)
Prepared substrate (B) Sacrificial gieposited by CVD (C) Res
spinneden for lithography processes (D) Exposure of refi§
Development of the patterned wafer (F) Etching i@®,§G) Meta
deposition (H) Lift-off: pattern ready to be tested

. RESULTS

Fig. 3 shows the different |-V curves measuredrentest
structures with an internal dot diameter 200. The evolution
towards the ohmic behavior as the temperature ®fRMA
process is increased is evident. The onset of olomération

gcceurs at 400 °C and improves with an additionatG0
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Fig. 3. |-V curves for the Pd/Ge CTLM contact ofier diameter 20Qm.
The different symbols refer to the different tengteres of the PDA
treatment. Ohmic behavior starts for the samplealed at 400 °C and
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improves by an additional 50 °C. Fig. 4. The_ relationship between the measuredstmx‘r(_eR and the
contact spacing. The metal layer consists of 50 nm Ge with 50 rhoR
top of it. This metal contact has undergone a PBsatment in a N

From electrical measurements on the CTLM structitres ambient at 450 °C for 1 minute. The two lines rdtethe two series of

is possible to extrapolate values for the contaststance of
the Ge/Pd layer on GaAs. The relationship betwdsn t
measured resistance and spacing for samples afterahat
450 °C in N flow for 1 min is shown in Fig. 4. The two lines
refer to the two series of contacts, with innertaohdiameters  The

contacts with inner diameter of 60 and 200, respectively.
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which depend on the contact sizes. The extractdeesdor
contact resistance for the 2@0n and for 60um series of

CTLM structures respectively are 1x410° Q - cnf and 2x 1]
10* Q - cnf. These are not exceptional results, but it defipit
confirms that the Pd/Ge scheme is a candidate dar |
resistance ohmic contacts to GaAs and related iastewith
scaling potential to the sub-22 nm CMOS technologgte. A
more in depth investigation of this contact schésneurrently
ongoing, with the aim of assessing the structurd @mtact [3]
formation mechanisms by means of physical chanaetérn

and other analyses. This should lead to a furtbeugation of

the contact resistance, by optimizing the layeckstduture [4]
work will also focus on InGaAs layers on InP suats and

on replacing Ge by other group IV elements (Si, Sn)

(5]
IV. CONCLUSION 6]

The Pd/Ge contact scheme on GaAs shows extremely
interesting features and it's proven to be an dewetandidate
for low contact resistance ohmic contacts on Ilméaterials.
Furthermore the process of making such contactsiseée be
compliant with Si technology specifications. Furthe [g]
investigation will be carried out to complete thietpre on the
physical structure of this metal scheme on GaAs ratated
materials.

(8]

[10]

[11]
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