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High-Voltage Ni— and Pt—SIiC Schottky Diodes
Utilizing Metal Field Plate Termination

Vik Saxena,Student Member, IEEBEjan Nong (Jim) SuMember, IEEEand Andrew J. SteckEellow, IEEE

Abstract—We have fabricated 1 kV 4H and 6H SiC Schottky experimentally obtained values of breakdown voltage for SiC
diodes utilizing a metal-oxide overlap structure for electric field Schottky diodes without edge termination have been found
termination. This simple structure when used with a high barrier to be considerably lower than those with some form of edge

height metal such as Ni has consistently given us good yield of . .
Scﬁonky diodes with breakdown voltage/sgin exces% of go% of termination. Several techniques have been shown to reduce the

the theoretically calculated value. This paper presents the design field crowding at the edges, thus resulting in higher breakdown
considerations, the fabrication procedure, and characterization voltages. These include 1) the use of floating metal field rings
results for these 1 kV Ni-SiC Schottky diodes. Comparison to (FMR) and resistive Schottky barrier field plates (RESP) as
similarly fabricated Pt-SiC Schottky diodes is reported. The reported by Bhatnagaet al. [3]; 2) the use of implantation

Ni-SiC ohmic contact formation has been studied using Auger f tral . t th inh f the diode to f
electron spectroscopy and X-ray diffraction. The characterization Of neutral species at the periphery ot the diode 1o form an

study includes measurements of current-voltagel(-1’) tempera- a@morphous area around the periphery of the device [4]-{7]; and
ture and capacitance—voltage — V") temperature characteristics. 3) the p-n junction guard-ring termination formed by a local

The high-temperature performance of these diodes has also beenpxide process (LOCOS) [8]. In most of these structures, the

investigated. The diodes show good rectifying behavior with g; ; ; ; ; i ;
ON/OFF current ratios, ranging from 10° to 10" at 27 °C and in Eé?wzug;agz\lliscggpgﬁi';:tiﬁisnd there s no dielectric isolation

excess of 10 up to 300 °C. -1 : ] i

At Cincinnati, we have developed a simple metal field plate
structure in which the Schottky contact overlaps a thermally
grown SiG, layer so that the maximum electric field at any
|. INTRODUCTION applied biag E,,,,x) is at the Si@-metal interface. The lateral

IC is receiving increased attention as a semicondum—etal overlap on the oxide layer is approximately equal to
9 fhe thickness of the SiC epi-layer. For such a structure, the

or mate“?' for h|gh-p0_vver_, h|gh-temperature, and hig sreakdown voltage should ideally not be affected by electric
frequency devices for applications in aerospace and groundy

based power systems. Recent comprehensive reviews of fﬁgj crowding. In addition, the oxide layer grown serves

status of SiC materials and device technology can be fOUPINdo other purposes 1) surface passivation; and 2) removal of

. . . .. surface defects from the SiC layer which upon oxidation is
in [1] and [2]. Devices based on SiC can offer fast SWItChétched off from the areas where the Schottky contact is to be

ing characteristics and high-power handling capability oft , , o .
needed for such applications. Due to the higher breakdo?/fvgrqmed' We first reported this structure for fabricating high

electric field and wider band gap of SIC, high-voltage200 voltage SiC Schottky diodes in 1993 [9], [10], and since then

V) Schottky diodes with relatively lower leakage curren l%%]—[15].We were also the first to utilize Ni for both Schottky

and on-resistance compared to Si Schotky diodes can d ohmic contact due to its refractory nature (allowing high-
fabricated on SiC. These Schottky diodes have the poten?gﬂ Y g g

to be a valuable alternative to Si-based switching devices gMmperature operation), and large barrier height to 3C-SiC [9),

T ; :
applications where both power and speed need to be deliver@g.]’ 6H-SIC [11]-{13], and 4H-SIC [14], [15]. The use of

For high-voltage Schottky diodes, it is necessary to ha\r/w(‘laetals such as Ni that form a large barrier height on SiC allow

L2 . . eration of diodes at higher temperature with lower power
an edge termination around the periphery of the diodes o )
- ) . osses compared to metals such as Ti which have relatively
reduce the electric field crowding at the diode edges. The : . . . ; )
smaller barrier height to SiC, as discussed later. Since our first

reports, several other groups have adopted the metal overlap
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of SIC Schottky diodes is low, the dominant component of Field Oxide
the voltage drop occurs across the metal-SiC Schottky barrier. (3000A)
Thus diodes utilizing metals with a larger Schottky barrier

to SiC have larger on-state voltage drop. However, for high-
temperature operation of SiC power rectifiers, such metals
are still preferable because they also result in lower leakage
currents. In other words, the overall ON/OFF ratio of the

Schottky diode is higher if we use metals that form a larger
Schottky barrier.

To determine the optimum barrier height of the Schottky
contact, the static power-loss analysis can be performed for
rectifiers operating at a 50% duty cycle. Under these condi-
tions, the maximum sum of static power log8;,) dissipated Fig. 1. Schematic of the SiC Schottky diode structure, showing the field

. ; . . oxide, the overlapping metal electrode, and the epi-layer drift region.
during the on-state and the off-state per unit area is given
by (1), provided that the reverse current density follows

Schottky
Contact

Backside Ohmic
Contact

theoretical considerations [18] which has a lower Schottky barrier to SiC. Sputter-deposition
1 was utilized to deposit metal (Ni or Pt) for the Schottky metal
P = 5(JFVF + JrVR). (1) contact. The temperature of the wafers was held at AZ5

for Ni deposition, and 200°C for Pt deposition. Standard
The calculated power losses for 1 kV SiC Schottky diodes #hographic process and wet chemical etching (in diluted
a function of metal barrier height and temperature show [18hua-regia) was utilized to pattern the Schottky contacts.
that it is more efficient to use metals that form large barrigfinally, Au wire bonding was utilized to make connections
heights £1.2 eV) if operation of diodes at higher temperaturefsom the devices to a package which consisted of a gold-plated
is desired. Our objective was to operate the diodes at higietal frame wrapped in ceramic. Fig. 2(a) shows an array of
temperatures (at least 30C) and our preliminary studies [9], 1 kV Schottky diodes on a SiC chip fabricated following this
[10] as well as reports from other researchers [19] had showrocedure, while Fig. 2(b) shows a packaged SiC chip.
that Ni results in suitably large barrier heights (1.2-1.3 eV)
to SiC. Thus, we have utilized this metal extensively to study V. RESULTS AND DISCUSSION
high-voltage Schottky rectifiers on 4H- and 6H-SiC for high-

temperature applications. A. Ohmic Contact Formation and Interface Analysis

The nature and characteristics of the Ni contact on SiC is
Il FABRICATION PROCEDURE determined by the thermal treatment of the deposited film. We
SiC wafers with a 1Q:m thick lightly doped (mid have found in our studies that as-deposited Ni film forms a
10110 cm™3) n-type epi-layer grown on highly dopedSchottky contact which remains stable at temperatures up to
(10'8-10'? cm~2) n-type Si-face 6H— or 4H-SiC substrate600 °C. At temperatures higher than 60C, we have found
commercially available from Cree Research [20] were utilizezlvidence of Ni-silicide formation in Ni/SiC samples, as shown
to fabricate Schottky diodes. Fig. 1 shows the schematic iof the Auger electron spectroscopy (AES) depth profiles of
the metal overlap structure utilized. A SMhermally grown Fig. 3, and in the X-ray diffraction (XRD) spectra of Fig. 4.
oxide on the epi-layer served both as a passivation layer fbine AES profiles indicate that the Ni/6H-SIC interface after
regions away from the Schottky contact and as a sacrificeml600 °C thermal annealing [Fig. 3(b)] remains identical to
layer for regions where contacts were formed. The oxidatidhat without annealing [Fig. 3(a)]. However, after annealing
was performed under wet Oambient at 115¢°C for 5 h at 900°C, the interaction between Ni and SiC is evident, as
and was followed by a 30 min anneal in Ar ambient. Aindicated in Fig. 3(c). Similar observations have been obtained
additional 25008 layer of SiO, was deposited by sputtering.by XRD, as shown in Fig. 4. Ni-silicides, detected by XRD
After oxidation, a backside ohmic contact was formed byerformed on Ni/6H-SiC samples after 900 annealing, are
Ni sputter deposition followed by a 5-min. rapid thermabelieved to be the reason for ohmic contact formation. It is
annealing in Ar ambient at 950C. The wafer temperature also observed from the Auger depth profile that carbon atoms
during Ni ohmic contact metal deposition was held at 200 released from SiC due to the formation of Ni-silicides under
and the chamber pressure was 6 mTorr. These depositiagh-temperature annealing, have accumulated within the SiC
conditions resulted in low resistivity<(10 n£2-cm) Ni films. interface region or incorporated into the Ni-silicide region.
Prior to the Schottky metal deposition, the sacrificial oxid€he existence of these carbon-rich regions, though still not
layer in the regions where contacts are to be formed welear in effect, may be one reason for the higher contact
patterned and removed by etching in buffered HF solutioresistance observed in Ni-SiC ohmic contacts. To eliminate
The Schottky contacts thus formed had a circular geometogrbon “contamination,” new approaches may be required in
with diameters varying from 30 to 24&m. The contacts were future studies.
designed with the metal overlapping the field oxide by.10 Formation of Ni-silicide as evidenced from the above
to improve field termination at the edges. For comparison taterface analysis reduces the contact resistance for Ni/SiC
the Ni diodes, we have fabricated several diodes using Bhmic contacts as the anneal temperature is increased up to
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Fig. 2. Fabricated 1 kV Ni/6H-SiC Schottky diodes: (a) array of diodes of 0 At AT A % ]
different sizes on a SiC chip and (b) packaged SiC chip. 0 10 20 30 40 50 60 70 80

Sputter Time (min)

900°C. The specific contact resistance was measured using ©

the circular transmission line method (CTLM). Thie-V  Fig. 3. Auger depth profiles of Ni/f6H-SiC structure: (a) as-deposited; (b)
curves were measured between a large contact area and2fijgaled at 606C, 5 min in Ar; and (c) annealed at 9@, 5 min in Ar.
individual dots which are separated by isolation rings. It was

observed that increasing the anneal temperature beyontd®5Qyhere 1 is the ideality factor incorporating the tunneling
did not reduce the contact resistance any further. The specifigrents in a practical diode. If the applied voltageés much
contact resistivity after 950C anneal was measured to bearger thankZ/q, then the exponential term in the above

~8.2 % 1?8_59'(3;“2 for 6H-SIC samples with doping level of equation dominates, anél can be approximated as
~2 x 10~ cm™>.
J = Jsexp(qV/nkT). 4)

B. I-V Characteristics n and J, can thus be determined from the experimentally

The forward and reverse current-voltage-¢’) charac- obtained forward density—voltage/{V) characteristics at a
teristics measured at different temperatures allow for quagiven temperatureJ, can be measured by extrapolating the
titative determination of Schottky diode parameters such sear region of thdn J versusV plot to V' = 0, andy can
the Schottky barrier heighty ), the ideality factor(n), the be determined by modifying (4) as
effective area-Richardson’s constg**) product, and the
series resistanceR;) of the diodes. The/—V relationship
under thermionic emission theory is given by [21]

n = q/kTSV/6(In.J)). (5)

The I-V characteristics of Ni/4H-SiC and Pt/4H-SiC
J = JyJexp(qV/nkT) — 1] ) Sch_ottky diodes a'F room temp_eratur_e are shown |n Figﬁ. 5. The
doping concentration of the drift region wad x 10*> cm™3.
and For the Ni SBD [see Fig. 5(a)], a forward current density
(Jr) of 100 Alcn? was achieved at a forward voltage drop
Jo = A T? exp[—qpp/kT) (3) of 1.78 V. The ideality factor obtained from the slope of the



SAXENA et al: HIGH-VOLTAGE Ni- AND Pt-SiC SCHOTTKY DIODES 459

106 T T T ¢ L L LA T T T 1 rTTT T 1T 13 Apphed Reverse Blas ('V)
: ' ! ! ' ' E 0 200 400 600 800 1000
C ] 4 T 4
o | ' § L
= : E 2 - V =1.78 Vat 100 Alem” ~ 2
< F 3 . ﬂ J =2.1x10% Alcm?at -1kV
@a 10 ¢ : = €0 ’ H0
c £ + As-deposited 3 G f J =6.8x10* Alcm’
=] E 3 < ¢
8 T ] g n=1.05 o o
- = o A
C 1 -4 | 4
2 it 1.1 I i1 1) l J__ i1 1 i i1 1 1 I I 41 i il i1
10 §| TT T I T T 171 | T TT [ 11T I 1T I TTrT ‘E‘ Mﬁ_’r
g SiC i 3 -6 I -6
o L ¢ | NiSi |
10° =
E “ x E _ -8
= F ; . 3 80 1 2 3 4 5
< 10° & : : Applied Forward Bias (V)
(b)?EU: . ! ——600°C, 10 min @
3 100 F ------900°C, 10 min
O F : Applied Reverse Bias (-V)
10° & ! .0 200 400 600 800 1000
a: © |
10 TN AT T S B S U S A EE A B Bl L1 o _ v om— VF=1.61 V at 100 A/om?
20 30 40 50 60 70 80 / v Jozmemaky
26 (deg) 0 J_=1.8x10" Alerm?
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forward J—V plot for the Ni/SiC diode was 1.05, and thes » ‘ K /
saturation current density at room temperature, extrapolated /I//
from the logJ vs. V' plot was determined to be&.8 x ) e 3
10~2! A/cm?. The Schottky barrier height calculated using the
theoretically predicted value of the Richardson constant (146 , ™ )
A-cm—2-K—2) [18], was found to be 1.59 eV. The Pt SBD 1 2 3 4 5
shown in Fig. 5(b) operated at 100 A/émat a forward voltage Applied Forward Bias (V)
drop of 1.61 V, had an ideality factor of 1.01, a saturation
current density at room temperature b& x 10~17 A/cm?, (b)
and a Schottky barrier height of 1.39 eV. Fig. 5. I—V characteristics at room temperature of 1 kV Schottky diodes;

According to Itohet al. [5], the breakdown electric field ) Ni/4H-SIC and (b) PY4H-SIC.

corresponding to the doping of our drift layerd£2.7 MV/cm.

The punch-through breakdown voltagé,.) for our device is F'9- 6 show a linear regime for a range of applied forward
then calculated to be-2130 V. The Ni/4H-SiC diodes typi- bias voltages at all temperatures for both Ni/ and Pt/4H-SiC

cally had breakdown voltages of 1000 M47% of V), with diodes. Fig. 7 shows the forward voItagg drop for these dioQgs
some diodes as high as 1200 M§6% of V,,;). The premature 3 @ function of temperature correspondlng to current dgn_smes
breakdown is possibly due to electric field crowding arourff 1. 10, and 100 A/cth The reverse bias characteristics
the periphery of the devices. This is evident in the followin§f the Ni/4H-SIiC diodes as a function of temperature are
discussion where the leakage current density of the Schotf§own in Fig. 8. A peculiar observation is that the leakage
diodes are found to be dependent on the area/perimeter r&igrent at 100°C is lower than at room temperature. This
of the devices. Under reverse bias blocking conditions, ‘@nnealing effect” has been consistently observed in SiC
leakage current density df.5 x 10~ A/cm? was observed Schottky diodes and could be due to a possible improvement
for these diodes at-600 V. The room temperature currenof the metal-SiC interface upon raising the temperature. One
ON/OFF ratio corresponding tf- and.J; at 2 V and—500 V, possible explanation is that the effective annealing reduces the
respectively, was found to el x 106. The Pt/4H-SiC diodes barrier inhomogenities within the contact area. Increasing the

had a corresponding ON/OFF ratio 43 x 10”. temperature to 200C or more leads to an increase in the
) diode leakage current as predicted by the thermionic emission
C. High-Temperature Performance theory. It is also seen that the current ON/OFF ratio as defined

High-temperature operation of the Schottky diodes on Si0r the 4H-SiC diodes previously does not show a significant
has been investigated. The diodes were tested in a vacutduction with increasing temperatures, and stays in excess of
environment (10 mTorr). Théog J vs. V plots contained in 10° for temperatures up to 300C.
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height for Ni and Pt was found from the slope of the plot to
be 1.37 and 1.15 eV, which is in agreement with the value
obtained from the Cheung’'s—V method [21] as discussed
(b) later. It is important to note that the extracted value of the
Fig. 6. ForwardI—V characteristics as a function of temperature: (active area effective Richardson constant has been found to
Ni/4H-SIC Schottky diodes and (b) PY4H-SIC Schottky diodes. be several orders of magnitude lower than the theoretically
predicted value (146 A-cmi?-K—2). The barrier heights for
High-temperature forward —V data was utilized to obtain high-voltage SiC Schottky diodes reported in the literature
the Richardson constant and the average Schottky bartieus far have been calculated using this theoretical value of
height. These guantities can be found from #Hiatercept and A** in the /—V analysis. In our calculations, we have utilized
the slope of thén(.J, /7?) vs. 1000/7 plot obtained from the the experimental value of the Richardson constant, which is

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
Forward Bias (V)

following equation: five orders of magnitude lower than the theoretical value.
J " 1 For this reason, our value of the Ni/4H-SIC barrier height
111<T—52> _4 If" <T> +In(A™). (6) is somewhat lower than that reported in the literature. The

smaller, experimentally determined value of the Richardson

The Richardson plots obtained for both Ni and Pt diodg®nstant indicates that either the effective active area is in

are shown in Fig. 9. The value of the active-area Richardstact much smaller than the device area, or that the effects of

constant for Ni and Pt diodes was found from thimtercept of quantum-mechanical reflection of electrons from the barrier

theln J,/T? vs.1/T plotto bel.39x 10~2 and3.83x10~2 A-  and tunneling of electrons through the barrier must be included
cm~2-K~2, respectively. The average value of Schottky barrién the calculation forA** [22].
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.20 | ! 0 Applying (7), H(J) can be deduced as

-25

FL) -1 -10 H(J) = RspJ + 77¢b (10)

-30

-35

The plot of H(.J) versus.J thus gives a straight line which
intercepts they axis atn¢,. Using the ideality factor value
extracted from thel(V')/d(ln J) vs. J plot, the barrier height

-50 : : i 1 40 can be determined. The slope of the plot/#f.J) vs. J also

55 [ A PUATESIC provides an alternative determinationff,, which was found

60 1 50 to be very close to that obtained from (9), thus establishing

1.0 15 2.0 25 3.0 3.5 the consistency of this approach.
10007T (K7) Fig. 10 shows the dependence of the specific on-resistance

Fig. 9. Richardson plot for Ni/4H-SiC Schottky diodes. and Schottky barrier height for the Ni/4H-SiC diodes as a
function of temperaturefl,, at room temperature was found
to be 4.49 rk-cm?, increasing to 17.09 @-cm? at 450°C.

-40

n{/m

-45

(wozy) (sr) Boy

100 ¢ 16 A curve fit of the Ry, data indicates a*® temperature
i ) I RN 14 dependence, similar to that observed by Il&thal [24] for
i SEne > - 440 Ti/4H SiC Schottky diodes. The barrier height does not show a
- significant variation with temperature, with values of 1.38 and
S - " 7' . 133eVat25C and 450°C, respectively. This is expected
2 10} > 0.8 % from theory since the bandgap of SiC changes very slightly
;g r // Jos = within the temperature range investigated.
- ) 1) Current Density Dependence on Diode Arga investi-
L - 04 ; X
Ni/4F-SIC gate the effect of diode area on the current density, we
- 02 have tested circular diodes with diameters varying from 30
1 i 0.0 to 200 :m. The effect of area/perimeter ratio on diode current
200 300 400 500 600 700 800 density is shown in Fig. 11. For a more accurate determination

Temperature (K) of this effect, we have included the results from 16 diodes on

Fig. 10. Series resistance and Schottky barrier height of Ni/4H-SiC dioday0 different dies on the chip. As seen in Fig. 11(a), increasing
as a function of temperature. the area/perimeter ratio reduces the current density during
forward bias. In Fig. 11(b), the plot of normalized reverse
current density as a function of the area/perimeter ratio shows a
The series resistance of the diodes was calculated by @pcreasing trend with increasing diameter of the devices. This
plying the method of Cheung and Cheung [21]. The effetiidicates the larger diameter devices are necessary to remove

of diode series resistancg is usually modeled by a seriesthe perimeter effects. It is important to mention though that
the high defect density in the currently available SiC wafers

combination of an ideal diode and a resistaig¢ethrough ) ) .
. _ . considerably reduces the yield if we have very large area
which the current flows. For an applied forward bi&$ >  4avices on the chip

3kT/q, the forwardJ—V characteristics of a Schottky diode
obeying the thermionic emission model can be written as [21]

D. C-V Characteristics

The Schottky barrier height of the Ni/4H-SIC Schottky
where J, was defined in (3) andk., is the specific on- diodes has al§o beep determined using the capacitance—voltage
ist f the diode. U i tiatiFewith (' (C—-V) technique. Fig. 12 shows the plot of the square of the

resistance ot the diode. Lpon difierentialinigwith respect1o iy arse of the capacitance per unit area (&/@}¥ a function

J in (7) and rearranging the terms, the following relationshigs applied voltage for a Ni/4H-SiC SBD at room temperature.

J = Joexplg(V — JR,,) /nkT)| (7

can be obtained: The voltage intercept gives a built-in potential of 1.32 V at
27 °C. The built-in potential is related to the barrier height
dV) =R._J+ nkT (8) by the relationship
d(In J) P q
Plotting d(V)/d(ln.J) versus.J, the slope of the straight ¢ =-Vi+Vo+EL/q (11)
line gives the specific series resistanég,,, and they-axis Vo= (kT/q)In(N¢/Np) (12)

intercept gives the ideality facton. The Schottky barrier

height is evaluated by defining a functiéh(./) given by [21] \where N. is the effective density of states in the conduction
band, andNp is the donor concentration. For SiC material
H(J)=V — (nkT/q) In(J/A™T?). (9) with donor concentration df x 10> cm™3, Vj is estimated to
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Fig. 14. Summary of published ON/OFF ratios versus breakdown voltages
for high-voltage SiC Schottky rectifiers.

The C—V characteristics of the diodes were also measured
&8 a function of temperature and the built-in potential was
extracted from the plots for each temperature. The Schottky
barrier height (SBH) was thus determined as a function of
temperature using (11). The SBH measured from ¢hel”
data (Fig. 13) decreases with temperature from 1.45 at room
temperature to 1.26 eV at 200, and 1.08 eV at 450C.

The C—V plots at different temperatures were parallel to one
another to a good approximation, thus indicating that the net
carrier concentration remains unaffected up to 460

V. SUMMARY AND CONCLUSIONS

SiC Schottky barrier diodes have been shown to exceed
the performance of Si-based counterparts for applications
requiring high-power and high-temperature operation, and
could rapidly become commercially viable as an attractive
alternative to the slower Si-based p—i—n diodes currently being
used in several power electronics applications. Over the past
six years or so, several other groups have investigated high-
voltage (100 V) Schottky diodes on SiC [6]-[8], [16]-[18],
and [24]-[29]. The various device approaches and resulting

be approximately 0.1 V. The room temperature barrier heigblharacteristics are summarized in Table V of the review by

calculated using (12) is 1.445 eV.

Saxena and Steckl [23].
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A useful figure of merit for rectifiers is the ON/OFF[13] V. Saxena, A. J. Steckl, M. Vichare, M. L. Ramalingam, and K. Rein-

current ratio, which combines the current—carrying capability hardt, “Temperature effects in the operation of high-voltage Ni/6H-SiC
in f d bi ith the leak . bi Schottky rectifiers,” inProc. 3rd Int. High Temp. Electron. Conf.
In torwar las with the leakage current Iin reverse bias. Albuquerque, NM, 1996, vol. 1, pp. VII/15-20.

The Ni— and Pt-SiC Schottky barrier diodes which we ha\j@4] V. Saxena and A. J. Steckl, “High-voltage Pt and Ni Schottky barrier

; i : ; ; diodes on 4H/SIC,” inSilicon Carbide, llI-Nitrides and Related Ma-
fabncated utlllZIng the me.tal field pla('ge terménatlon have terials—VIl Stockholm 1997G. Pensl, H. Morkoc, B. Monemar, and
yielded ON/OFF current ratios between®1dnd 10 at room E. Janen, Eds., Materials Science Forum, vols. 264—268, pp. 937-940,

temperature. These diodes have been tested at elevated temper-1998.

atures and show satisfactory operation at least up to°gQ0 [15] V. Saxena and A. J. Steckl, "High-temperature operation of high
" . . . breakdown voltage Schottky diodes on 4H- and 6H-SIC,Pioc.
where they exhibit an ON/OFF ratio that is still in €XCeSS  |nt. Semicond. Dev. Res. Symp. 19Gharlottesville, VA, 1997, pp.

of 10°. A summary of published ON/OFF ratios for 4H 542-549.

. , e . 6] T. Kimoto, Q. Wahab, A. Ellison, U. Forsberg, M. Tuominen, R.
and 6H SiC SBD’s utilizing various metals and structures & Yakimova, A. Henry, and E. Jagn, “High-voltage &2.5 kV) 4H-SiC

shown in Fig. 14 as a function of reported breakdown voltage. schottky rectifiers processed on hot-wall CVD and high-temperature
This summary was only able to include results where all the CVD layers,” in Silicon Carbide, lli-Nitrides and Related Materials

I VII-Stockholm 1997G. Pensl, H. Morkoc, B. Monemar, and E. Janz
necessary characteristics (forward current, leakage current and Eds., Materials Science Forum, vols. 264-268, pp. 921-924, 1998.
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. . . in 4H-SiC,” Appl. Phys. Lett.vol. 72, pp. , .
been obtained by several groups for diodes with b_reakdo%@] A. ltoh, T. Kimoto, and H. Matsunami, “Efficient power Schottky
voltages of~1000 to 1100 V. SiC SBD'’s are also likely to rectifiers of 4H-SiC,” inProc. Int. Symp. Power Semicond. Deviges.

i i i imi 1995, p. 101.
aI.IOW operation be.yond 308C, which is the upper limit of [19] J. R. V\?aldrop and R. W. Grant, “Schottky barrier height and interface
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