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Abgract

Backscattering spectrometry and dectrica measurements are used to study the therma stability
of three sputter-deposited Schottky contact metdlizations. A <6H-SIC>/TaSh/TappSiggN4p/AU
metallization changes its Schottky barrier height from 0.71eV to 0.62eV upon ameding at 600°C for
30 min., while its idedlity factor changes from an initid vaue of 1.55 to 1.18. Both Schottky barrier
height and idedlity factor remain stable upon further anneding of the sample a 700°C for 30 min. and
for 90 min. The observed gahility is attributed to the known therma stability of TaS, with SC and to
the effectiveness of the Ta-Si-N diffuson barier. A <6H-SIC>/TaggSii4Ngp/Au that does not
include the slicide contacting layer becomes ohmic after vacuum anneding a 600°C for 30 min., while
no signs of metalurgica interaction are evidenced in its backscattering spectrum.

An initid Schottky barrier height of 0.71 and idedlity factor of 1.6 was measured for a <6H-
SC>/Re sample. After 2hrs. annedling the Schottky barrier height and idedlity factor have changed to
1.04 eV and 1.16, respectively and remained stable after anneding for additiona 2hrs. a the same
temperature.

1. INTRODUCTION

Today's high power and high temperature semiconductor devices are based mainly on glicon
and GaAs. The temperature limit for continuous operation of slicon and GaAs- based devices is
known to be 300°C and 460°C, respectively, when specid fabrication methods and precautions are
applied in their production [1,2]. For applications in deegp wdls, avionics, space, and high dengty
packaging, there is a need for eectronic devices that could operate at 600°C. The natura choice for
high-temperature applications is a wide bandgap materia, as a wider bandgap provides lower intrinsc
carrier concentration for a given temperature and therefore a larger temperature range over which a pn
junction can exig.

Among the wide bandgep materids that are available over an adequate range of doping, slicon
carbide offers the widest bandgap together with a high therma conductivity (4.9 W/cmK) and an
avaanche breskdown fidd (3+106 V/cm) which is an order of magnitude larger than that of Slicon.
Silicon carbide occurs in many polytypes differing from one another only in the stacking sequence of the
double closed packed layers of S and C atoms [3]. The two most common polytypes of slicon
carbide are 3C-SIC (Eg=2.2eV) and 6H-SC (Eg=2.86eV). Theinterest in the 6H polytype has grown




rapidly in the last few years owing to new growth techniques which mede available epitaxid layers
grown on bulk materid [4].

In view of its high chemicd dability and low intringc carier concentration of 6H-SC, its high-
temperature applications will be limited by the stability and the reliability of the contact metdlization.
The thermal stability of severd meta/SIC contacts have been studied so far, most of these metals were
found to react with SIC a eevated temperatures. Schottky barrier height measurements were made
mostly on as-deposited samples, but aso on annealed samples [5]. All the Schottky diodes reported so
far were found to change their characteristics because the meta reacted with the substrate upon
anneding.

In this paper we report on the thermd stability of the barrier height of Schottky diodes utilizing
complete metdlization schemes with an amorphous Ta-Si-N diffusion barrier and Au overlayer.
Amorphous diffuson bariers are the most promising candidates for high-temperature metallizations.
They do not have extended defects of the kind thet provide fast diffuson paths in polycrysaline
materids. Ta-Si-N beongs to the class of amorphous barriers which effectiveness has been
demondrated in metdlizations for dlicon, gdlium arsenide and diamond [6-8]. Crydadlization
temperature of TaggSi14Ngg barier is about 900°C and its residtivity is about 600 pem.
Backscattering  spectrometry  and  1(V) measurement were used to sSudy the <6H-
SC>/TaggSi1gNgg/Au, and <6H-SIC>/TaSh/TagpSiggNg4g/Au systems before and after thermal
anneding. The same methods were aso used to study Schottky barrier height and stability of <6H-
SC>/Re.

2. EXPERIMENTAL PROCEDURES

The 6H-SIC wafer purchased from CREE Research, Inc. was ntype, 280 nmm thick, with an
n-type epilayer 10 mm-thick having an open slicon face. The wafer and the epilayer were doped with
nitrogen with doping levels of 7.3x1017/cm3 and  1x1016/cm3, respectively. Prior to deposition the
samples were degreased in organic solvents in an ultrasonic bath (trichlorethylene, acetone, and
methanol, sequentidly). Circular diodes of three different diameters (0.05, 0.1, 0.25 cm) were
fabricated by photolithographic patterning and lift-off. Immediately before the depostion the samples
were etched in a 10% HF solution for 10s to clean up the contact windows and dried in No gasflow.
All films in this study were deposited by rf-Sputtering using a planar magnetron cathode of 7.5 cmin
diameter. The subgtrate plate was placed 7 cm below the target and was neither cooled nor heated
externdly. The sputtering system is equipped with a cryopump and a cryogenic baffle that yidds a
background pressure of 4x10°7 Torr prior to the sputter deposition.

The TaSy layers were deposited in Ar at 10 mTorr total pressure and 300W rms forward
sputtering power. The Ta-Si-N films were deposited in a discharge of Ar/No gas mixture a aNo to Ar
flow raio of 0.036 and atota gas pressure of 10 mTorr. The Au overlayers and Re films were
depogited a 5 mTorr total pressure and 200W rms from eementd targets. The flow of Ar and the total
gas pressure were adjusted by mass flow controllers and monitored with a capacitive manometer in a
feedback loop.

Annedlings after the deposition were done n an evacuated tube furnace (5x10'7 Torr). Samples for
backscattering were processed concurrently with the diode samples.

The Current-Voltage 1(V) characteristics were measured usng a HP-4145A parameter
andyzer and were peformed at room temperature. An indium-gdlium aloy was used as a back




contact. The (V) characteristics were andyzed using the thermionic emisson model. Lien's method [9]
was employed to calculate the series resstance, followed by aleast- squares fit of the corrected | vs. V-
IR to obtain the saturation current dengity (Jg) and the idedlity factor. With I, The barier height was
cdculated from the equation [10]:
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where A**=72 Alcm?K 2 is the effective Richardson constant for 6H-SiC.

Before and after the therma annedling, the diode samples were characterized by 1(V) measurements to
determine the Schottky barrier height and the idedlity factor. The backscattering samples were
characterized by 2 MeV 4Het* backscattering spectrometry to determine compositional profiles and
monitor interdiffusion or reactionsin the samples.

3. RESULTS AND DISCUSSION

In dl cases gudied in the frame of thiswork it was verified that the current was scaing with the
area of the diodes. This proves that it is the metd/epilayer interface that determines the 1(V)
characteristics and not the back contact, and that the current is not due to a periphera leskage, but
flows across the area of the contact.

31  <6H-SIC>/TaSiy(50 nm)/TaygSiggN40(80 nm)/Au(50 nm)

The forward 1(V) characteristics of <6H-SIC>/TaSix(50 nm)/TasSiggN 40(80 nm)/Au(50
nm) Schottky diodes change after 1h annealing in vacuum a 700°C from a barrier height of 0.70 eV to
0.61 eV and from idedlity factor of 1.55 to 1.18, but show no significant
changes upon further anneding at
700°C (Fig.1). As most of the
dlicides are known to be stable 10
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Fig.1 A semilogarithmic (V) plot <6H-SIC>/TaSiy/ TaggSizgNg/Au diode
before and after in-vacuo annealing at 700°C.



3.2

<6H-SC>/TaggSi14N50 (80 nm)/Au(45 nm)
Omitting the TaS, contacting layer results in a contact that seems metdlurgicaly stable as the
backscattering spectra obtained from a <3C-SIC>/TaggSi14N50(80 nm)/Au(45nm) after thermal
anneding at 600°C for 1 h perfectly overlaps with that of the as-deposited sample (fig.2). However,
diodes of the same metdlization change to "soft" (V) characteridtics following the same annediing
procedure(fig.3). The effects causing the change in the (V) characterigtics have yet to be investigated
as they may provide means for making ohmic contactsto SIC. In any case, this observation shows that

the omission of the TaS, reduces the stability, while the incorporation of thislayer favors the stability of

the Schottky contact.
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Fig.2 2MeV “He"™ backscattering spectra  of
<SIC>/TaSi,/TagS14Nso/Au before and after
in-vacuo annealing at 600 °C for 30 min.

3.3 <6H-SIC>/Re(100 nm)

Rhenium is the only known
meta that has a tidine to SC in a
ternary Si-C-Re phase diagram [12].
The dability of Re thin films on SC
was confirmed in a study by Chen et
a. [12]. They used backscattering
spectrometry, x-ray diffractometry
and cross-sectiond  transmission
electron microscopy to confirm that
Reisthermdly stable on Beta-SIC up
to 1100°C. This property makes Re
an excdlent candidate for a dable
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Fig3 A linear (V) characteristics  of
<SIC>/TaSi,/TagS14Nso/Au before and after
in-vacuo annealing at 600 °C for 30 min.
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Schottky contact. Figure 4 shows the

backscattering spectra of a 100 nm 6
thick Re film on 6H-SIC before and w|[ <6H-SIC>\Re(100nm) 2MeV He 60° tilt
after anneding in vacuum a 1 as deposited Re
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Fig.4 2MeV 4Het++ backscattering spectraof <6H-SIC>/Re
before and after in-vacuo annealing at 900°C for 1 h.

900°C for 1h. The spectra overlap entirely within experimental accuracy, which confirms the therma
gability of Re with 6H-SIC. Fig.5 depicts the forward 1(V) characteristics of a 100 nm-thick Re film
sputtered on the ntype 6H- SIC epilayer before and after vacuum hesat trestment for 2 and 4 hours at
700°C.

An exponentia behavior is observed in dl cases with idedity factor of 1.6 for as-deposited Re
and of 1.16 for both 2 and 4 h annedling steps. The barrier height increases from avaue of 0.71eV for
the as-deposited sample to avaue of 1.04 eV dfter the 700°C anneding. A comparable behavior was
reported for sputter deposited TiN [13] and for W-Si-N and Ta-Si-N [14] Schottky diodes on n-type
dlicon. Both papers describe an observed increase in barrier height upon annedling. In both cases, an
explanation is suggested, which connects a possble anneding out of donor-like traps formed by sputter-
induced damage with the barrier height rise.
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Further annedling & 900°C for 1 h of the sample previoudy annedled a 700°C resultsin are-
lowering of the Schottky barrier height from 1.04eV to 0.76eV and a dight increase in the idedlity factor
from 1.16 to 1.25 (Fig.6). The same results were obtained for a sample directly annealed at 900°C
(not shown in Fig.6). Anneding for additiona hour a 900°C results in a further increase of the idedlity
factor from 1.25 to 1.36 and occurrence of a "leaky" current component. This type of increase of the
current in the low vaues of the applied voltage is usudly attributed to recombination in the depletion
region. Smal loca atomic displacements that are likely to take place upon annedling a 900°C, and are
smal enough not to be detected in transmisson dectron microscopy can dill Sgnificantly dter the
eectronic transfer across the interface.  Similar observation was described by Tung [15] and was
attributed to an inhomogeneity of the Schottky barrier height. Our measurements, however, cannot
provide this type of micrascopic information.

4. SUMMARY AND CONCLUSION
Backscattering spectrometry and forward FV measurements were used to study the thermd
Sability of three rf-sputtered metallizations for 6H-SC. Table 1 summarizes (V) measurements results:

as-deposited 600 °C 700°C 900°C
contacting f [eV] n f [eV] n f [eV] n f [eV] n
layer (£0.01) (#0.02) | (x0.01) | (#0.02) | (x0.01) [ (+0.02) (£0.01) (£0.02)
TaSi2 0.70 155 0.62 118 0.61 118 - -
TaSIN 0.76 127
Re 0.71 160 104 116 0.76 1.36

Table 1: Summary of I(V) measurements results

I(V) measurement done at different stages of heat trestment show that therma stability of the
contacting layer/SIC couple is an advantage for the sability of the resulting 1(V) characterigtic. Both
TaSi, and Re are thermally stable in contact with SC, and in both cases, stable 1(V) characterigtics
have been demondrated for hours of annedling at temperatures as high as 700°C. Yet the thermd
dability of the contacting layer by itsdf isinsufficient to prevent chengesin the characterigtics upon initia
anneding. Minor thermdly-induced interfacid atomic rearrangements, too smal to be detected even by
transmisson eectron microscopy (see [12]), can evidently ater the eectronic transport across the
SC/metd interface in mgor ways. Some of these changes are atributable to the remova of sputtering-
induced defects that act as eectron traps and are introduced in the SIC near its surface during the
depogtion of the film. A thermd anneding of these traps raises the barrier height, such asis observed
with Re. But other interfacial processes that appear to be dement-specific evidently dso exist and they
can reduce the barrier height upon initid annedling, as is exemplified by the case of TaS, contacting
layer. At temperatures near 1000 °C, diffusond interactions, possibly involving impurities, aso begin to
play arole.
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