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Characteristics of metalorganic remote plasma chemical vapor deposited
Al,O; gate stacks on SiC metal—-oxide—semiconductor devices
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Metalorganic remote plasma chemical vapor deposited BiIQ0; stacks were deposited on 6H
p-type silicon SiC to fabricate a higk-gate stack SiC metal-oxide—semiconductor capacitors.
Capacitance—voltagéC—V) and current—voltagel V) measurements were performed. C-V
characteristics showed excellent properties at room and higher temperatures. Samples exhibited a
slight negative flatband shift from which the net oxide char@g,J was calculated. Low leakage
currents were observed even at high temperature¥. characteristics of AD; were superior to

those observed on AIN and SjQlielectrics on SiC. ©2001 American Institute of Physics.

[DOI: 10.1063/1.1392973

SiC has long been studied for high power, high fre-Si surfaces has shown degraded interface properties requir-
quency, and high temperature applicatidmilts high break-  ing the use of a thin SiQinterface layel® After the interface
down field, high saturation velocity, and relative high elec-layer formation, AJO; was deposited using metalorganic re-
tron mobility make it a candidate for fabricating high power mote plasma chemical vapor depositi®@PCVD) at 300 °C,
devices with reduced power loss. High power, however30 W, and at a pressure of 300 mTorr with a target thickness
leads to high fields placed on the semiconductor. Since thef 200 A to create a SigJAI,O; gate stack. Triethyldialumi-
field across the dielectric is proportional to the SiC electricnum tri-sec-butoxide in helium was used as the precursor for
field, a large field is dropped across the dielectric resulting irfdeposition. The AlO; films were then annealed at 800 °C in

a low breakdown field. Using higk-gate dielectric materials argon for 30 s in (()erer to relax the chemical and structural
can reduce these fields and increase the lifetime of th&ature of the film'® Aluminum metal, 100 nm in thickness,

device? was evaporated and patterned as a gate electrode to fabricate

Issues surrounding the wide band gap of SiC and intermetal—oxide—semiconductofMOS) capacitors. Measure-
face defect density will define the materials that can be dements were taken before and after a forming gas anneal
posited or grown on SiC. Most dielectrics follow the trend of (FGA) at 400 °C for 30 min. Interface and electrical proper-
decreasing band gap with increasing dielectric constantlies were determined by high frequency capacitance—voltage
AlL,O; and SiN, are exceptions to this rule exhibiting large (C—V) using a HP 4284A Precision LCR Meter and current—
dielectric constants and large band gaps. There have bedRltage (-V) measurements using a HP 41558 Semicon-
few successful reports of highdielectrics on SiC including ductor Parameter Analyzer. Room and high temperature

SisN,, oxynitrides, and AIN. However, their dielectric con- measurements were taken using a Temptronics temperature
stants are lower than ADs (¢~ 10) 5-8 Lipkin et al. depos- controller. All measurements were obtained under dark con-

ited AIN on SiC and then oxidized the film to create AIN*0. ditions.

It should be noted that after the oxygen anneal, there would Uger electron spectroscopAES) was performed at
be a significant amount of nitrogen left in this film and, Intermittent steps of a previous AJ; deposition on Si and

therefore, can not be directly compared to,@J. In this on 0.6 nm of RPCVD Si@Qon Si. Evolving chemical com-

work, Al,O; gate stacks are deposited on SiC and electricaﬁ?sg'ot?“?r}ic:mbonﬂsbc’f dthte rrilinm(t:iemr‘fra(r:r? tﬁindn:he d?pr(;s';?d
and interface characteristics are reported. 2-3 can be dete ea o S measurement.

. : As seen in Fig. 1, the Al-O feature at55eV does not
The 6H p-type SiC wafers used were aluminum-doped o : I : )
o . : . 7 change with increasing deposition time and its energy is con-
P~ epitaxial layers with a nominal doping of 5&.0' sistent with aluminum bonded to oxygé&nFrom this, it was
grown onp™ 6H SiC substrate3 These wafers were diced yger: ’

d a standard Radio C i £ Ameri | concluded that Al atoms are not bonded to Si atoms at the
and a standard Radlo Lorporation of America clean was pefy, o 5 e and the Al is fully oxidized throughout the depos-
formed at 75 °C. A low-temperature oxideTO) was depos-

) . ) ited film.
ited at 200 °C, 25 W, and at a pressure of 1 Torr with a target The capacitors fabricated with Si\,O, gate stacks

thickness of 5_0 A. Th_is Siginterface layer was chosen since show excellent electrical characteristics. The room tempera-
to date, the $|(§¥8|C interface has been rgporteq to have the[ure C—V curves op-type 6H SiC before and after FGA are
best propertie$.Furthermore, AIO; deposition directly on shown in Fig. 2. The effective oxide thickness of the@{
samples obtained from the HF accumulation capacitance was
dElectronic mail: hrlazar@unity.ncsu.edu 135 A. Ideal flatband voltage, assuming no oxide charge, for
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FIG. 2. C-V plot of 6Hp-type SiC MOS capacitor befofeircles and after
Energy (eV) (squares FGA (400 °C) is shown. The stack consists of 50 A $RD0 A

. . . Al,O5 and the areas are 1@< 200um. A parallel shift in flatband volt-
FIG. 1. AES of ALO; deposition on 0.6 nm of Sigon HF last Si is shown. age shows a reduction in fixed charge.

aluminum on 6H SiC can be calculated using the doping . ) N .
density stated and the following valueE;,=3.0eV, qy different frequencies are shown in Fig. 3. The negative flat-
~3.85eV2 andn,=1.6x 10 % cm 3.2 For S—type 6H,SiC band shift observed as temperature increases is larger in

ideal flatband is about 2.65 V. The extracted flatband volt- Valué and opposite in direction than compared with the tem-
age was—4.1V before FGA and-3.3V after FGA, corre- Perature dependence of the work function difference between
sponding to a net positive charge in the range df &t 2. Al and 6H SiC. Since the curves are shifting towards nega-
This agrees with values reported for both Si@efs. 13 and tive values, the flatband can be attributed to the generation of
14) and alternate dielectrics on Sf€:3°A parallel shift of  positive charge arising from either fixed charge or slow in-
the experimental capacitance curve towards the ideal flaterface traps’

band after FGA was attributed to a reduction in fixed charge.  Gate leakage current was measured as a function of volt-
The stretch out of th€—V curves is attributed to the inter- age for several temperatures. Current densities derived from
face trap charge ;) contribution to the voltage in the thesel—V characteristics for dielectric fields of 0.8 and 1.7
p-type samples, which agrees with values reported in literagy/cm are plotted as a function of inverse temperature
ture. However, minime_ll frequency dep_endence is observegl/K) and are shown in Fig. 4. The current density at the
due to the nonresponsive nature of the mterfgce trgp;. Recemaximum temperature for a 1.7 MV/cm dielectric field is
data of RPCVD S'Q/A|.203 gate stacks on .S' has_ indicated only 10 8 A/cm?, which is lower than reported for AIN on
the presence of negative charge at the,Sil,O; internal SiC?® The observed superior leakage currents oflare a

interface'® In this work, the highD; values present at the ;
SiO,—SiC interface dominate the negative charge contribuprOdUCt of two advantages of £Ds over AIN. The first ad-

tion coming from the Si@-Al,O; internal interface and vantage iS_ the_ dielectrig constgnt Of?% is higher_ than
thereby result in a net negative flatband shift. AIN, resulting in a physmally thicker film. Accounting for
Cooper reported that states which lie 0.7 eV above thdhe 50 A of LTO, the dielectric constant of 03 was found

band edge(for p-type material can not respond to the t0 be ~9 whereas published reports of AIN range from
changes in dc bias and are not detected for measurements7a8—8.52° The second advantage is that the barrier height at
room temperaturé® Therefore, in order to sample more of the metal-AJO; interface is larger than that of AIN thereby
the interface states, higher temperatures must be utilizedlecreasing the tunneling probability of gate injected elec-
C-V measurements taken at several temperatures for twivons in accumulation. Published metal work functions of
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~ 10 , : : ported values at equal fields. These results are encouraging
<E for metalorganic RPCVD AD; gate stacks on other wide
O 10° b - band gap semiconductors such as GaN and GaAs.
o The authors would like to thank the National Science
= 100 3 Foundation(No. 9906255 for their support of this work.
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