
We have investigated the fixed oxide charge 
and interfacial traps by means of the photo 
c a p a c i t a n c e v o l t a g e t e c h n i q u e a t 
temperatures up to 500˚C.  Elevated 
temperature measurements show reduced 
hysteresis and improved fixed oxide charge 
at the interface. The photo capacitance 
technique shows a real-time measurement 
at temperatures while electrons are 
populated by photo energy, in a 4H-SiC MIS 
structure. We also confirm the reduction of 
fixed oxide charge at the interface by means 
of high temperature post deposition 
annealing. Figure 1 shows the capacitance-voltage characteristics for a high  dielectric MISiC capacitor 

from room temperature to 150°C. For SiC, the CV sweep from accumulation does not form 
inversion (instead, extend to deep depletion) due to the low thermal generation rate at room 
temperature. The photocapacitance-voltage technique, where light impulse is used to increase 
minority carrier generation, measures the change of capacitance in device after continuous 
illumination.  The UV light generates free charge mechanisms via surface, intrinsic (hole-
electron pairs generation) and extrinsic (trap levels) generation.  PC curves therefore show a 
photon assisted inversion layer when sweeping from inversion to accumulation.  However, if the 
energy is not sufficient to fully create the inversion layer, an interface state ledge is usually 
formed [2] as can be observed in the data.  In this region, the intrinsic concentration increases 
as the temperature rises.  The UV increases the minority carrier to create this “ledge”, which 
indicates the electron was captured in the near SiC/SiO2 interface and may be considered as 
further evidence of deep states at the interface [3, 4]. The fixed oxide charge in this region is 
reduced by the annealing effect at gradually increased temperatures. The positive shift in the CV 
curve indicates the existence of negative oxide charge. The sweep from accumulation to 
inversion without UV light shows evidence of stretch out and variable interface trapped charge 
located in the near interface layer, which depends upon the DC gate bias.

We observed that the flat band shift and hence oxide charge has a more significant effect 
between 150 and 250°C than in the previous annealing temperature region.  The UV light 
generates positive charge, which causes the CV curve to shift in the negative bias direction. 
However, the electrons generated by the UV light in conjunction with the increased intrinsic 
concentration (ni) are now sufficient to form an inversion layer at 250°C. A transformation of 
ledge to an inversion layer is observed in the data between 200 and 250°C.  

N-type 4H-SiC commercial wafers from 
Cree of 2.9µm thick epilayer with a doping 
concentration of 2.6×1016cm−3 were used to 
fabricate MIS capacitors. The fabrication 
process is described in previous work [1]. 

Electrical properties of the TiO2/SiO2/SiC 
gate dielectric stack over a temperature 
range of 25 to 500°C were determined by 
high-frequency capacitance-voltage (C-V) at 
a frequency of 1 MHz using a HP4284 LCR 
meter in conjunction with a computer 
controlled hot plate.

A low power 140 mW LED with a 255nm 
wavelength was used to form the inversion 
layer. The voltage is first swept from 
accumulation to deep depletion. The sample 
is then illuminated under ultra-violet LED for 
60 seconds. During illumination, a DC bias 
of -10 volts was used to hold the device in 
inversion. The light is then switched off and 
the bias is swept back from inversion to 
accumulation.
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In the capacitor structure studied here, the 
traditional SiO2 layer is supplemented with 
a TiO2 high  dielectric layer to reduce the 
field strength within the dielectric itself, as 
well as, acting as an adhesion layer 
between catalytic metal gate and the 
substrate. It is essential to characterize 
the i r e lec t r ica l proper t ies a t h igh 
temperatures to ensure more reliable 
function in its desired working range.

H i g h f r e q u e n c y C - V a n d G - V 
characterization can only obtain the density 
of fast interface states in a narrow (about 
0.5eV) energy window near the Fermi level 
due to the wide band gap of silicon carbide 
material (3.26eV for 4H-SiC).  Deep state 
traps have a long time constant and so 
cannot responsd to the probe signal.  This 
signal is only able to polarize their charge 
state by trapping a minority or mobile 
charge carrier.  The majority carriers are 
available when the applied electrical field 
supplement in the accumulation.  Minority 
carriers, in the other hand, are not capable 
to be introduced from the bulk of 
semiconductor due to the insufficient 
intrinsic carrier concentration of SiC at 
room temperature (1.44x10-8 cm-3 at 25°C 
fo r 4H-S iC) .  Howeve r, t he l ow 
concentration can be applied to the MOS 
structure by photo illumination, and is able 
to be trapped by interface states.

In order to increase minority carrier 
generation in SiC, the n-type MIS structure 
is exposed to a pulse of UV light under a 
metal gate bias, which is corresponding to 
depletion.  The exposure to light could lead 
to a possible scenario: Upon exposure to 
the light, the photons can penetrate through 
the thin gate electrode and are absorbed in 
the oxide layer beneath the metal.  The 
applied voltage bias drives the generated 
electrons across the oxide towards the 
substrate, while the holes are swept to the 
metal electrode.  The charge could also 
tunnel from the SiC valence band into the 
oxide where it could be trapped and create 
negative or positive charges in the oxide. In 
this paper, we have investigated the photo 
capacitance-voltage characterisation on 
insulator/n-silicon carbide by using a low 
power UV light source to create extra 
energy and observed the minority carriers 
change at elevated temperatures.

We report observations made using the 
photo capacitance voltage technique in N-
type silicon carbide at high temperatures.  
We use the above mentioned technique to 
show preliminary results on flat band shift 
caused by both interface trapped charge 
and fixed oxide charge at elevated 
temperatures.  

Region 1, up to 150°C.  Existence of 
negative oxide charge is responsible for 
positive flat band shift. No inversion layer is 
formed. Interface state ledges which located 
close to deep depletion layer are observed.

Region 2, above 150°C. Fixed oxide 
charges are improved (reduced) by elevated 
temperature. Ledges are still formed and the 
centre of ledge shift to about 0.8 V.  
Inversion layer is formed at 250°C. The 
ledges formed are located further to the 
deep depletion layer and are temperature 
dependent.

Region 3, above 300°C.  An inversion layer 
is formed at 250°C and higher temperatures. 
No visible ledge is observed. However, a 
bump is observed close to the accumulation 
at 400°C and higher, which is similar to 
observations reported elsewhere [6].  It is 
also important to note that at 300°C and 
higher, Dit values increased which cause 
further drift in the CV curve. This region can 
be extended to high temperatures of 450 
and 500°C, where the inversion layer at 
negative bias and bump close to the 
accumulation are both observed. 

When measured from accumulation to 
inversion, the capacitance in deep depletion 
increase after passing through a minimum, 
as shown as pointed in figure 4. In general, 
fixed oxide charge is clearly shown reduced 
by anneal technique, although other charges 
are still existed, namely deep acceptor-type 
interface states [1] or interface trapped 
charge.

The data in figure 3 show the reduction of fixed oxide charge is reached at temperatures above 
300˚C and the observed the flat band shift is now dominated by interfacial traps. It is observed 
that the annealing effect is the dominant factor in the unilluminated CV curve below 300°C.  This 
increase in Dit matches results in the literature for high K / SiO2 stacks on SiC [4]. When the 
temperature is increased to 500°C, the interface state density at mid gap, extracted using the 
Hill-Coleman technique, increases as shown in previous studies [1, 4]. This is similar to the 
density of interface states close to the conduction band edge in the 4H-SiC - SiO2 system.  
These are the so called ʻslow statesʼ, which are known to dominate the characteristics of the 
interface at high temperatures [4]. The UV light effect is clearly observed in this region where 
the inversion layer is formed at temperatures between 250 and 500°C.  
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Figure 1 - C-V data for temperature region 1 Figure 2 - C-V data for temperature region 2

Figure 3 - C-V data for temperature region 3 Figure 4 - C-V data for temperature region 4 

In figure 4, a bump/ledge is observed close 
to the accumulation region. Results in the 
literature report that this ledge is observed in 
p-type MOS capacitors rather than n-type 
ones [5]. The location of the ledge is 
influenced by the voltage sweep rate and 
the time the capacitor is biased in deep 
depletion. We also observed that the 
position of the ledge is temperature 
d e p e n d e n t . W h e n s w e e p i n g f r o m 
accumulation to depletion, the CV curve 
after depletion extends to deep depletion as 
illustrated at point A. Figure 5 - Flatband voltage shift with temperature 
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