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Abstract. Ti/Pt/Au 4H-SiC Schottky barrier diode (SBD) has been characterized by the capacitance—
voltage (C-V) technique as a function of temperature (40-310 K). The barrier height (BH) was
determined as 2.45eV at the temperature of 300 K and frequency of 50 kHz from C—V measurements,
respectively. Deep level transient spectroscopy (DLTS) has been used to investigate deep levels in
Ti/Pt/Au 4H-SiC SBD. The five electron trap centers to be present at temperatures 251, 223, 183, 127,
and 98K have been realized. The origin of these defects has been decided to be intrinsic nature and it has
been found the correlation between C-V and DLTS measurements quite interesting.
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1. Introduction

Silicon carbide (SiC) is still one of the most attractive wide band-gap materials
having many applications in the field of microelectronics and optoelectronics. The
tremendous properties of SiC based semiconductor electronic devices, such as large
breakdown electric field, high electron mobility and saturation electron velocity,
high thermal conductivity together with good thermal stability render this material
suitable for use in high temperature, high-power, and/or high-radiation conditions
under which the conventional semiconductors (Si, GaAs) cannot work properly [1].

Owing to its outstanding properties, it has been used to fabricate high-power,
high-temperature, and high-speed devices. lon implantation is a key process for the
fabrication of semiconductor devices. For SiC materials, ion implantation of
dopants has been recognized as a crucial means of selective area doping, because the
thermal diffusion rates of most dopants are very slow in SiC at temperatures lower
than 1800-2000C. lon implanted MESFETSs show low cost in production, low noise,
high speed [2-7], and planarity without mesa etching due to the creation of the active
device region by the ion-implantation technique. An ion-implanted channel of
MESFETSs is more controllable to form thinner and more highly doped channel
layers than those fabricated with conventional epitaxial growth, so it can improve
the radio frequency characteristics of MESFETS.

The Schottky contacts are very important in semiconductor devices and
integrated circuits. Hence many authors have investigated the properties of SiC
Schottky barrier diodes (SBDs) such as Ni, Pt/4H, 6H-SiC, Ti/4H-SiC, Co/6H-SiC,
Pt/6HSIC, and their structures for high voltage power devices. lon-implantation is
often used to make guard rings for SBDs, which have lower leakage current and
higher breakdown voltage [8-14].

The prototype SiC devices deliver excellent area normalized performance,
often more than 10 times better than the theoretical power density of Si power
electronics. Unfortunately, nowadays there are many observable defects present in
state of the art SiC homo-epitaxial layers, which have prevented the scale-up of
small area prototypes into large area prototypes capable of delivering high operating
currents. In addition to the high densities of crystalline defects, such as hollow-core
screw dislocations (micropipes). In particular, a micropipe defect is regarded as the
most damaging “device killer” defect in SiC electronics.

For example, rectifying power devices fail at micropipe defects, leading to
undesired localized current flow through micropipes at electric fields far below the
critical reverse-breakdown field of defect-free SiC. Over the last decade, significant
efforts by SiC material vendors have succeeded in reducing micropipe densities by
over a 100-fold, resulting in higher device operating currents. However, there are
still very high densities of other less harmful dislocation defects, which are believed
to be responsible for a variety of non-ideal device characteristics that have hindered
the reproducibility and commercialization of some SiC electronic devices [18, 19].
In this paper, we used deep level transient spectroscopy (DLTS) [20] to investigate
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the electrical properties of deep levels related to defects identified in commercially
available SiC Schottky barrier.

2. Experiments

The MESFETSs 4H-SiC studied in this work were obtained from THALES Research
and Technology (TRT) in Orsay (France) using the same fabrication process for all
the transistors. The epitaxial layer structures were prepared by CVD on semi-
insulating substrates supplied by CREE. The layer stack consists in three layers: a
P-type buffer layer with a thickness of 0.3 um, an N-type active layer with 0.3-0.4
pum thickness, and an N+ contact layer with a thickness and doping of 0.2 pum.

The first step consists in reactive ion etching for the channel recess. An
evaporation of Ti/Pt/Au stack is realized for the gate contact. A PECVD deposited
oxide layer passivates the surface. The measurements presented in this work have
been realized on short test transistors with a gate length of 1pum and a gate width of
100 pm.

3. Results and discussion
3.1. Capacitance-Voltage (C-V) characteristics

The voltage dependence of the capacitance (C-V) measurement relies on the fact
that the depletion region width of a semiconductor junction depends upon the
applied voltage. The effective doping concentration (ND) in the active region of a
Schottky diode or p-n junction can be obtained from the C-V measurement. The
knowledge of effective doping concentration allows the calculation of the depletion
width under certain applied bias (Equation 1.) and the determination of full
depletion bias. In order to calculate the doping concentration and the built-in
voltage, analysis of the data acquired from capacitance-voltage (C-V) measurements
is needed.

In this study, C—-V characteristics were measure at frequencies of 1IMHz at
temperatures ranging from 50 to 310 K.

Figure 1. Shows a C-V measurement conducted on a Schottky device. The
capacitance can be seen decreasing with the increase in reverse bias because the
capacitance is inversely proportional to the depletion width as is shown in Equation
1 and the depletion width (W) in a p-n junction or Schottky diode increases as
reverse bias increases.
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Figure 1. Capacitance-voltage (C-V) data acquired using a Schottky barrier diodes (SBDs) at

T=300K

Mathematically, the capacitance of a Schottky barrier diodes (SBDs), can be

expressed as [15].

1
_ ExXggxA l EEQN Z O
w 2V +V)
The variation in capacitance as a function of reverse bias is given, by:
1 2Vng 2V
-z 4z : 2 . )
c A“geeglNp A=geegNp

Which is a straight-line equation in 1/C? vs. V plot (Figure 2).
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Figure 2. 1/C? vs. reverse bias plot with linear fitting. Variation of 1/C? as a function of reverse bias
corresponding to the C-V plot shown in above. The straight line shows the linear fit of
the experimental data.

The doping concentration Np is calculated, by the following equation:

2
Np=—F"7"— @)

A geegxslope

The value of Np calculated from expression (3) are Np= 1.9x10'" cm®
The barrier height of SBDs can be expressed as:

O = Vi + Vo + % 4)

Where V, = %ln (i)

J.'ll-li
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Is the band gap between the bottom of the conductive band and the Fermi
energy, Vui is the built-in voltage of the SBDs and is the intercept on the x-axis in
Fig. 2, Nc is the effective density of electrons of the conduction band, and Ny is the
donor concentration. The value of q@l; calculated from expression (4) are equal
2.45eV.

3.2 Defect characterization by DLTS Studies

Principle of method: In a semiconductor material, defect centers could either
act as an electron trap or a hole trap. These trap levels are associated with four
fundamental phenomena. Electrons could be trapped by a defect level acting as an
electron trap. This process is known as electron capture. Consequently, a trapped
electron may get de-trapped if sufficient thermal energy is available. This process is
known as electron emission. Similarly, a hole-capture process is characterized by
trapping of a hole by a defect level and the hole-emission process by de-trapping of
a previously captured hole. The semiconductors properties may be greatly
influenced due to this charge carrier capture/emission phenomena by the defects and
hence affect the efficiency of the electronic devices. Therefore, it is very important
to identify and characterize the defects to understand their role in electronic and
Opto-electronic device performance. The characterization would provide a deep
understanding of defects in the semiconductor, which will be very helpful to
enhance the efficiency of devices.

DLTS characterization

In this work, DLTS measurements were performed over a temperature
ranging from 10 to 325 K, to identify and characterize the electrically active defects
present in the epitaxial layers. Deep level defect parameters (i.e. activation energy,
capture cross-section, and density), were calculated from the Arrhenius plots, which
were obtained from the DLTS spectra at different rate windows. The observed
defects in various epitaxial layers were identified and compared with the literature.

The capacitance DLTS spectra obtained for V, = - 3V was employed with
fill-pulse voltages Vi = 0V, and a time pulse t,= 0.5 ms was used to fill the traps and
rate windows (en) ranging from 20 to 200 s are represented in Fig. 3. In order to
reduce the resistance of our sample, VVgs was varied over the threshold voltage from
0V to 1.5 V. The measuring frequency of the capacitance meter varies from 20 to
200 Hz, these frequencies being small enough to avoid effects of series resistance.
Moreover, to minimize the influence of the electric field on the emission rate of
electron, the samples are measured at low electric field.
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Figure 3. DLTS spectra obtained in a temperature range 50 K - 270 K

The Capacitance DLTS spectra (Fig. 3) reveal the presence of six peaks called C1,
C2 C3, C4 and C5. The apparent activation energies and capture cross-sections are
deduced from the Arrhenius plot of In(T2 /en) versus 1000/T (Fig.4) of all the

observed electron traps measured through Capacitance DLTS technique.
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Figure 4. Arrhenius plots corresponding to the DLTS spectra of the emission time constants for the
five traps C,, C2, C3, C4 and C5.
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In the following, a discussion will be evoked, concerning the origin of the
observed trapping centers:

o A comparison of the obtained activation energies with those reported in the
literature allows us to relate the trap center related to C1 was found to be located at
0.63 eV and capture cross section 3.4x105%cm? below the conduction band edge.
Several groups have reported the presence of a similar defect level often designated
as Zip [17- 21]. However, the exact microscopic structure is still unknown and
several theories exist in the literature regarding the probable structure of Zy/, centers.
As summarized by Zhang et al. [16], Z12 is most likely related to defect complexes
involving equal number of carbon and silicon sites.

e The trap named C; has an energy located at 0.43eV and a capture cross section
of 9x1015 cm?, is mostly labeled as Ei/E,, which can be induced by implantation or
electron-irradiation. A detailed analysis of this defect level with electron irradiation and
annealing by Chen et al. [28] gives rise to that its origin has been associated with primary
atom displacement on the C atom of SiC sub-lattice [22].

¢ Regarding the C3 defect that appears with the activation energy of 0,35eV,
to our knowledge this trap was only detected in this work, its origin remains an open
question.

o for the C5 trap is detected have an activation energy = 0,22eV and capture
cross section of 1.27x10-*%m? his origin remains unknown.

e Finally the activation energy obtained from the slope of best fit line through
the data points yielded the energy as shown by Cs be 0.17eV respectively. It is well
established that the transition metals introduce defects in silicon or silicon carbide,
which either occupy substitutional or interstitial sites within the lattice of the
material. These defects introduce shallow or deep levels within the band gap of
Silicon, depending on their electronic configuration in the lattice site. Most of the
transition metals like; Platinum, Copper, Nickel etc. introduce donor and acceptor
deep energy levels within band gap of Silicon. For the assignment of these energy
states to such defects induced by transition metals, we compared the emission rates
of both the defects with published data on emission rate of transition metal related
defects in Silicon Carbide in literature. The comparison reveals that emission rate
data of Cs can be compared to the emission rate data of a Ti related defects in
Silicon Carbide [23].

4. Conclusion

The related deep levels in the Schottky barrier diodes 4H-SiC were directly
characterized by both C-V and capacitance Deep Level Transient Spectroscopy
(DLTS). Capacitance DLTS reveals cing kinds of deep traps C1, C2, C3, C4 and C5,
with an activation energy of 0.63, 0.43, 0.35, 0.22 and 0.17eV, respectively.
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The analysis has lead to identify different type of defects, on the investigated wafers
Schottky diodes with barrier have been realized and characterized by electrical
measurements. Results show a strong influence on reverse voltage breakdown of the
devices of defects. This result shows the interest of this technique for the analysis of
trapping phenomena due to SiC/SiO2 interfacial defects.
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