IEEE ELECTRON DEVICE LETTERS, VOL. 21, NO. 12, DECEMBER 2000 581

Thermal Stability of Re Schottky Contacts to 6H-SIC
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Abstract—The thermal stability of a 100-nm thick sputter-de- The Re films were deposited in an rf-sputtering system (base
p0§ited Re film as contact to 6H-SIiC was studied by backscat- pressure oft x 10~7 torr) using a planar magnetron cathode of
tering spectrometry and by measurements of the forward 7 g5 o i diameter. The substrate holder was placed 7 cm below
current-voltage (-V) characteristic. The initial Schottky barrier - .
height of 0.71 eV and ideality factor of 1.6 change after 2 h of thetargetand was neither cooled nor heated externally. Rhenium
annealing in vacuum at 700°C to 1.04 eV and 1.1, respectively. films were deposited under a total pressure of 5 mtorr and at 200
They remain stable after annealing for additional 2 h at that same W rms from an elemental target. Post-deposition annealing was
temperature. The initial change is attributed to a recovery of done in an evacuated tube furnase<«(10~7 torr). Samples for

sputter damage in the SiC. The observed stability of the Schottky Kk rina analvsis were pr ncurrently with th
barrier is attributed to the thermodynamic stability of Re with gi)%eszzt:ﬁpleg analysis were processed concurrently with the

SiC, as confirmed by the unchanging backscattering depth L
profiles. After annealing at 900°C, the Schottky barrier becomes ~ The forward current-voltagé<{V) characteristics, were mea-
unstable although no interaction between the Re film and the SiC sured at room temperature with a HP-4145A parameter ana-

substrate is detectable in the depth profiles. lyzer. An indium-gallium alloy was pasted on the backside of the
Index Terms—Annealing, Schottky barrier, sputtering. sample as a back contact to the heavily doped substrate. Lien’s

method [3] was employed to determine the series resistance, R,

from eachl-V characteristic, followed by a least-squares fit on

a log-linear scale of thé versusV—IR plot to obtain the satu-
HENIUM is the only known metal that is thermodynam+ation current density/,, and the ideality factor. With the
ically stable in contact with SiC, i.e., Re has a tie-line tsaturation current density thus established, and assuming the

SiC in a ternary Si-C—Re phase diagram [1]. The stability of Rleermionic emission model, the barrier height was calculated

thin films on 3C-SiC up to 1100C was experimentally con- from the equation [4]

I. INTRODUCTION

firmed in a study by Cheat al.[2]. This stability makes Re an LT A2
interesting candidate for a stable Schottky contact in high-tem- dgp=—In < 7 )
perature applications. However, chemical stability is too crude 4 s

a guide to ensure the stability of the electrical characteristics\@here A** = 72 Alcm2K? is the effective Richardson con-

the contact. The present study aims at evaluating the thermsgint for 6H-SiC [5]. In all samples, it was verified that the cur-
stability of the Schottky barrier height of sputter-deposited Rent scaled with the area of the diode. This proves that it is the

contacts to n-type 6H-SiC. metal/epilayer interface that determines Ea¥ characteristics
(and not the back contact), and that the current is not due to a
[I. EXPERIMENTAL DETAILS peripheral leakage but flows across the area of the contact.

The 6H—SiC wafer (CREE Research, Inc.) used in this work The Schottky barrier height and the ideality factor of indi-
was n-type, 28Qim thick, with a 10um-t’hick'n-type epilayer vidual diodes were extracted frolV measurements before

grown on its Si face. The substrate and the epilayer were dor%bd "’.‘“er thermal anneaJIrlng. Nonpatte_rned samples were char-
with nitrogen to levels of7.3 x 1017/cm? and1 x 106/cn acterized by 2 MeV 4Het backscattering spectrometry to de-

respectively. Prior to deposition, the samples were degrease&aﬂ'ﬁmne compasitional profiles and monitor interaciions in the

organic solvents in an ultrasonic bath (trichlorethylene, acetor?g,mples'
and methanol, sequentially). Circular diodes of three different
diameters (0.05, 0.1, 0.25 cm) were fabricated by photolitho-
graphic patterning and lift-off. Imnmediately before the deposi- Fig. 1 shows backscattering spectra of a 100-nm thick Re film
tion the samples were etched in an aqueous solution of 10% biF6H—SiC before and after 1 h annealing in vacuum at°@o0
for 10 s and then blown dry withV, gas. The spectra overlap within experimental accuracy, which is con-
sistent with the thermodynamic stability of Re and 6H-SiC.
Within the depth resolution of this technique10 nm) no in-
Manuscript received April 11, 2000; revised August 3, 2000. This work w&rfacial instability can be detected either.
supported by the Center for Integrated Space Microsystems, Jet Propulsion Labin contrast to the backscattering spectrometry resultd;We
oratory. The review of this letter was arranged by Editor J. K. O. Sin. characteristics do change upon annealing. Fig. 2 showls-the
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versity, Tel-Aviv 69978, Israel. He is now with the Gordon McKay Laborator)F aracteristics of t e ComaCtS' e. oreanda te_r various ea? treat-
of Applied Sciences, Harvard University, Cambridge, MA 02138 USA (e-maiments. An exponential behavior is observed in all cases with an

Ill. RESULTS AND DISCUSSION

sh$|issf;](;@c:f;iss.f\l/axatrhdéegs)értmem of Physical Electronics, Tel-Aviv Univerideality factor of 1.6 for as-deposited Re and of 1.1 for both
sity, Tel_fviv 69978, Israel.p Y ’ the 2 and 4 h annealing steps at 7@ The barrier hgight in-
Publisher Item Identifier S 0741-3106(00)10810-9. creases from a value of 0.71 eV for the as-deposited sample

0741-3106/00$10.00 © 2000 IEEE



582 IEEE ELECTRON DEVICE LETTERS, VOL. 21, NO. 12, DECEMBER 2000

T M T v T v T T M T M T T T M 100 T T v T T
15F
<6H-SiC>Re 2MeV He*+ 60° tilt ~ .1 |annealed 900 °C: o0 I
10 500 e
= as deposited Re g 102 o |1h onoog/
2 i o ~ oS~
5 E ©  annealed in vacuum 900 °C/1h < 103 2 h - ~Q
o0 s 10 o \ Rgg
= -d ited
'E 2 b 104 as-deposite = X
s g ‘@ Wgﬂg
8 (= = 105 gg =
e = @ annealed 700 °C: gX
2 ® st ' 2 |
2k & 10 v bn Bgi Si face
R E 10-7 g&ggg /
A 4h o
e 105 ¥ | Re l /
0 n N e e (L @ ; Zzgzu §
0.0 02 04 06 08 10 12 14 16 1.8 20 o 10 7 xgg 6H-SIC 1
. i A i s e
Backscattering Energy [MeV] 0.0 0.1 0.2 0.3 0.4 0.5
Fig. 1. MeV 4He + backscattering spectra of a 100-nm thick Re film or Forward Voltage [Volts]

6H-SIC substrate before (solid curve) and after (open circles) annealing in

vacuum at 900 C for 1 h. The arrows mark the surface energy of the involveglig 2. A semilogarithmid—V plot of a circular Re contact on the Si face of a

elements. (The angle of the incident beam against the sample normatjs 6@H_siC substrate before and after annealing in vacuum for 2 and 4 h 4700
the scattering angle of the detected particles is 1$5 and for 1 and 2 h at 906C.

to a value of 1.04 eV after the 700C annealing. A compa- the finding of Kennouet al. does not rule out that longer
rable behavior was reported for sputter-deposited TiN [6] angat treatment would lead to a change of the Schottky barrier.
for W-Si-N and Ta-Si-N [7] Schottky diodes on n-type silyjgreover, they observed minor chemical changes evidenced
icon. In both_ cases, an ingrease in barrie_r height is obseryﬁqhe form of the of the C(1s) and Si(2p) XPS peaks at the
after annealing, and explained by annealing-out of donorlilgerface. This observation is in line with the lowering of the
traps formed by sputter-induced damage. kohl.have shown Re/sic Schottky barrier observed in this work after annealing
that irradiation damage in SiC is completely annealed out whgpgggec. Bhatnagaet alreported on annealing of Pt and Ti
heat-treated in the temperature range between 600 an8i@0Q:gntacts to 6H-SIC. [20] They observed an increase of both
[8]. Inour case, this mechanismiis further supported by improvgre parrier height and the ideality factor of the Pt contacts and
ment of the ideality factor upon annealing. Interface states g{g change in the Ti contacts after 30 min annealing at 600
known to affect both the height of the Schottky barrier and the- Lundberget alobserved an increase of t{6H-SiC\Co
ideality factor of the diode [9], [10]. The changes in both paschottky barrier height from 0.79 to 1.30 eV after 1 h anneals at
rameters of different diodes were very small, suggesting ratrtéfnperatures ranging from 300 to 800 and a decrease to 0.6
a_IateraIIy uniform process, in support of the proposed mech@y after further annealing at 96T [21]. The corresponding
nism. _ ideality factors were observed to decrease up to%€D0and to
Further annealing at 90TC for 1 h alters thé—V parame- jncrease above it, in correlation with the onset of Co reaction
ters. The Schottky barrier height drops from 1.04 eV to 0.%Gith SiC. Similar results were reported by Portgral. [22].
eV and the ideality factor rises from 1.1 to 1.25. The same rgyntacts of Ti to 6H-SiC have also been studied by the same
sults are obtained for a sample directly annealed at@Mot  aythors but did not show substantial changes in the Schottky
shown). An additional 1 h annealing at 900 further increases 5rier properties upon annealing for various periods up to 60
the ideality factor from 1.25 to 1.36 and introduces a leakagsin at 700°C in spite of the observed chemical reaction [23].
current component, which is commonly attributed to recombpt \was shown to react with the Si-face of 3C-, [24] 6H-, [25]
nation in the depletion region. Local atomic displacements thatq 4H—sic [26] between 450 and 600. Hence, Ti, Co, and
may take place upon annealing at S [11], [12] can signif- p; show initial stages of reaction with SiC after annealing at
icantly alter the electronic transport across the interface whitgg cc and thus have unstable electrical characteristics. The
remaining undetected by cross-sectional transmission electfgiorted heat treatments are therefore insufficient to establish
microscopy even after vacuum annealing at 110@or 30 min.  thermodynamic equilibrium. Consequently, the electrical
[2] Similar observations were attributed by Tung to an inhome@naracteristics of these contacts are prone to change upon
geneity of the Schottky barrier height [13]. Our measurementsolonged use at high temperatures. This limitation does not
however, cannot provide this type of microscopic informationapmy to contacts of Re, which is the only metal known to be

Most papers reporting electrical characterization of annea'%rmodynamically stable with SiC, and, as shown herein, also
Schottky contacts to SiC have been carried out after raFﬂ?ovides a stable Schottky barrier at 70D.

thermal annealing or at temperatures below 50 14]-[18].
Kennouet al. studied the formation of Re contacts to 6H-SiC.
They reported a barrier height of 047 0.2 eV, which, despite
initial chemical changes observed by XPS, appeared to beRhenium is thermodynamically stable in contact with SiC.
unaffected by successive 2 min heat treatments of up to 808e measurements done at different stages of heat-treated
°C [19]. However, 2 min heat treatments are probably n6H-SIiC/Re couples show that this chemical stability is
sufficient to determine the device thermal stability. Hencedvantageous for the thermal stability of the resultlry

IV. CONCLUSION
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characteristics, which is stable for hours of annealing at[g]
temperatures as high as 790. Yet, the chemical stability of

the contacting layer by itself is insufficient to prevent changes [9]
in the electrical characteristics upon initial annealing. Minor
thermally induced interfacial modifications, too small to be
detected even by advanced structural analysis, evidently altélrol
the electronic transport across the SiC/metal interface in major
ways. Some of these changes may be attributed to the removat!
of sputtering-induced defects that act as electron traps ar[QZ]
are introduced at the SiC near-surface during film deposition.
Thermal annealing of these traps raises the barrier height, ?153
is also observed in the present case. Other changes, such ag
diffusion of impurities or defects may account for the observedi4]
deterioration of the contact at 90C.
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