
Influence of the surface morphology on the channel mobility of lateral
implanted 4H-SiC(0001) metal-oxide-semiconductor field-effect transistors
Patrick Fiorenza, Filippo Giannazzo, Alessia Frazzetto, and Fabrizio Roccaforte 
 
Citation: J. Appl. Phys. 112, 084501 (2012); doi: 10.1063/1.4759354 
View online: http://dx.doi.org/10.1063/1.4759354 
View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/v112/i8 
Published by the American Institute of Physics. 
 
Related Articles
Impact of universal mobility law on polycrystalline organic thin-film transistors 
J. Appl. Phys. 112, 084503 (2012) 
Photoresponsivity enhancement of pentacene organic phototransistors by introducing C60 buffer layer under
source/drain electrodes 
Appl. Phys. Lett. 101, 163301 (2012) 
Photoresponsivity enhancement of pentacene organic phototransistors by introducing C60 buffer layer under
source/drain electrodes 
APL: Org. Electron. Photonics 5, 232 (2012) 
Phase-locked loop based on nanoelectromechanical resonant-body field effect transistor 
Appl. Phys. Lett. 101, 153116 (2012) 
Origin of kink effect in AlGaN/GaN high electron mobility transistors: Yellow luminescence and Fe doping 
Appl. Phys. Lett. 101, 153505 (2012) 
 
Additional information on J. Appl. Phys.
Journal Homepage: http://jap.aip.org/ 
Journal Information: http://jap.aip.org/about/about_the_journal 
Top downloads: http://jap.aip.org/features/most_downloaded 
Information for Authors: http://jap.aip.org/authors 

Downloaded 16 Oct 2012 to 192.167.161.20. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions

http://jap.aip.org/?ver=pdfcov
http://aipadvances.aip.org/resource/1/aaidbi/v2/i1?&section=special-topic-physics-of-cancer&page=1
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Patrick Fiorenza&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Filippo Giannazzo&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Alessia Frazzetto&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Fabrizio Roccaforte&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4759354?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v112/i8?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4758182?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4756937?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4756937?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4758991?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4757993?ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://jap.aip.org/about/about_the_journal?ver=pdfcov
http://jap.aip.org/features/most_downloaded?ver=pdfcov
http://jap.aip.org/authors?ver=pdfcov


Influence of the surface morphology on the channel mobility of lateral
implanted 4H-SiC(0001) metal-oxide-semiconductor field-effect transistors

Patrick Fiorenza,1 Filippo Giannazzo,1 Alessia Frazzetto,2,3 and Fabrizio Roccaforte1

1Consiglio Nazionale delle Ricerche, Istituto per la Microelettronica e Microsistemi (CNR-IMM),
Strada VIII n. 5, Zona Industriale, 95121 Catania, Italy
2Scuola Superiore di Catania, Universit�a degli Studi di Catania, Via Valdisavoia 9, 95123 Catania, Italy
3STMicroelectronics, Stadale Primosole 50, 95121 Catania, Italy

(Received 15 June 2012; accepted 25 September 2012; published online 16 October 2012)

The influence of the surface morphology on the channel mobility of 4H-SiC metal-oxide-

semiconductor field effect transistors annealed under two different conditions is discussed. The

devices were fabricated using post-implantation annealing at 1650 �C. In particular, while the use

of a protective capping layer during post-implantation annealing preserved a smooth 4H-SiC

surface resulting in a channel mobility of 24 cm2 V�1 s�1, a rougher morphology of the channel

region (with the presence of surface macrosteps) was observed in the devices annealed without

protection, which in turn exhibited a higher mobility (40 cm2 V�1 s�1). An electrical analysis of

SiO2/SiC capacitors demonstrated a reduction of the interface state density from 7.2� 1011 to

3.6� 1011 cm�2 eV�1, which is consistent with the observed increase of the mobility. However,

high resolution transmission electron microscopy showed an almost atomically perfect SiO2/4H-

SiC interface. The electrical results were discussed considering the peculiar surface morphology of

the annealed 4H-SiC surfaces, i.e., attributing the overall reduction of the interface state density to

the appearance of macrosteps exposing non-basal planes. VC 2012 American Institute of Physics.

[http://dx.doi.org/10.1063/1.4759354]

I. INTRODUCTION

Due to its excellent physical properties (such as a wide

band gap, a high critical electric field, and high thermal con-

ductivity), silicon carbide (SiC) is an outstanding material

for high performances power electronic devices.1,2 In the last

decades, significant advancements have been achieved in the

improvement of material quality (and increase of wafer size)

and in device technology on this material. Indeed, several

SiC based devices have been demonstrated, like Schottky

diodes, junction barrier Schottky diodes (JBS), and metal-

oxide-semiconductor field effect transistors (MOSFETs).3 In

spite of these progresses, these devices have not yet reached

the expected optimal performances, also due to some scien-

tific and technological open issues mainly related to surfaces

and interfaces.4

The SiO2/4H-SiC interface deserves a special attention,

since it is the main building block of MOSFET devices and

its electro-structural quality typically has a direct impact on

the inversion channel mobility. In particular, electrically

active defects at the SiO2/SiC interfaces, such as carbon clus-

ters, silicon suboxide bonds, or intrinsic defects in the near-

interfacial oxide layers have been indicated as the origin of a

high density of interface states in MOS and, hence, of the

commonly observed low channel mobility in SiC MOS-

FETs.5–7 Interface states in the bandgap localized close to

the conduction band edge and fixed charges in the oxide can

affect the MOSFET transconductance in two distinct ways.

First, electron trapping by interface states causes a reduction

in the density of free carriers in the inversion layer with

respect to that induced by the gate bias. Furthermore, the

mobility of inversion-layer electrons is lowered by Coulomb

scattering both by the trapped and fixed charges.8,9 To reduce

the interface states density and alleviate the mobility prob-

lem, different post-oxidation-annealings (POA) of the gate

oxide in NO or N2O have been explored10,11 and can be effi-

cient to provide adequate mobility values in the range of 30–

50 cm2 V�1 s�1.12–16 Even higher values (up to 150 cm2 V�1

s�1) were achieved employing annealings in alumina furna-

ces or in POCl3, but the reliability of these gate oxides repre-

sents still a serious concern.17,18

An additional issue in vertical 4H-SiC MOSFETs is that

the source and body regions are typically formed by a selec-

tive doping obtained by ion-implantation. These processes,

in turn, require high-temperature annealing processes for

electrical activation of the implanted-species (up to 1800 �C
for p-type dopants),19–22 which can degrade the surface

region where the inversion channel is formed. While the sur-

face morphology of SiC can be preserved during the post im-

plantation annealing with a carbon capping layer,20–25 the

effects of these post-implantation thermal treatments on the

channel mobility remain controversial. As an example,

Haney et al.26 observed that the channel mobility is not sig-

nificantly affected by post-implantation annealing in the

range 1200–1800 �C, using a carbon cap. However, lately

Naik et al.27 reported that the use of a carbon cap during de-

vice fabrication leads to a reduced channel mobility, due to

an increased surface roughness induced by the cap. Even an

anisotropy of the drain current was observed in some particu-

lar cases, where a pronounced “step bunching” was present

in the sample surface.28

Recently, we have observed that Al-implanted lateral

MOSFETs processed without a protection during post-

implantation annealing show a higher channel mobility
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(40 cm2 V�1 s�1) with respect to devices fabricated using a

protecting carbon capping layer (24 cm2 V�1 s�1).29

Although Coulomb scattering was recently indicated as the

dominant factor which limits the channel mobility in 4H-

SiC,29,30 the impact of the morphological surface conditions

on MOSFETs performances remained unclear.

In order to clarify this left open issue, in this work, we

present a further electrical and structural characterization of

the SiO2/SiC interface. The density of interface states, eval-

uated by capacitance-voltage measurements on MOS capaci-

tors fabricated on the samples subjected to the two different

post-implantation annealing conditions, was found to be

higher in the sample protected by the cap-layer with respect

to the uncapped one, consistently with the observed trend of

channel mobility. However, an almost perfect interface at an

atomic level was found in both cases by transmission elec-

tron microscopy.

The results were discussed considering the peculiar sur-

face morphology of the annealed 4H-SiC surfaces, attribut-

ing the overall reduction of the interface state density to the

appearance of macrosteps exposing non-basal planes.

II. EXPERIMENTAL

In these experiments, we used nitrogen doped (n-type)

4H-SiC epitaxial layers with a doping concentration of

1016 cm�3, grown onto heavily doped nþ-type substrates with

a 4�-off axis misorientation towards the h11-20i direction.

Lateral n-channel MOSFETs were fabricated to determine

the field effect channel mobility lFE.31 Al-implantation at dif-

ferent energies (in the range 40–450 keV) and fluences in the

order of 1012 ions/cm2 was used to create a body region with

a doping concentration around 1017 cm�3. Source and drain

were formed by heavy P-implantation n-type doping. Two

different post-implantation annealing conditions were

employed to obtain the electrical activation of the dopant,

both performed at 1650 �C, with or without using a protective

carbon capping layer on the sample surface. The capping

layer was formed after implantation by a layer of photoresist

baked at 800 �C and was removed after the high-temperature

activation annealing, by a low temperature oxidation fol-

lowed by a wet chemical cleaning in a HF-based solution.25

A 30 nm-thick SiO2 layer, deposited by plasma

enhanced chemical vapour deposition at around 400 �C, was

used as gate dielectric. Prior to oxide deposition a standard

clean followed by an etch in hydrofluoric solution carried

out. After gate oxide deposition, a POA annealing at 1150 �C
was performed in N2O. Nickel silicide was used for Ohmic

contacts The interface states density (Dit) has been estimated

using the conductance method32 on MOS capacitors fabri-

cated on the same wafers.

The capacitance voltage (C-V) characteristics of the

MOS capacitors and the current voltage (I-V) characteristics

of the MOSFETs were measured in a Karl-Suss probe station

using a Agilent B1500A parameter analyzer. The C-V meas-

urements on the MOS capacitors were carried out at variable

frequency in the range of 1kHz–1 MHz. The MOSFET char-

acteristics were measured at different temperatures in the

range of 298–423 K, using a Lakeshore 331 temperature con-

troller connected to the chuck. The electrical measurements

were performed in different points of the wafer. In this paper,

we report representative results of the experimentally

observed trend over the wafer.

The surface morphology of SiC channel region after the

post-implantation annealing processes was studied by atomic

force microscopy (AFM) using a Digital Instrument D3100

equipped with the Nanoscope V controller. The microstruc-

ture of the SiO2/4H-SiC interface was monitored by trans-

mission electron microscopy (TEM) using a JEOL 2010 F

instrument.

III. RESULTS AND DISCUSSION

First of all, the electrical characterization of the lateral

MOSFETs was performed in order to assess the mobility

behavior. Fig. 1(a) shows the transfer characteristics (ID-VG)

of 4H-SiC lateral MOSFETs taken in the linear region at a

drain voltage VDS¼ 200 mV. The two lateral MOSFETs

characterized were subjected to an annealing at 1650 �C to

FIG. 1. (a) Drain current (ID) as a function of gate bias (VG) for lateral 4H-

SiC MOSFETs processed either with or without using a capping layer during

post-implantation high-temperature annealing: (b) Field effect mobility

(lFE) as a function of VG determined by the MOSFETs transfer characteris-

tics for the two annealing conditions.
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activate the p-type implanted body region, either with or

without a protective carbon capping layer. As can be seen a

higher current level is measured in the sample annealed with-

out protection. From the transfer characteristics shown in

Fig. 1(a), it was possible to determine the field effect mobil-

ity (lFE), using the relation:31

lFE ¼
gmL

WCoxVDS
; (1)

where gm is the transconductance @IDS

@VG
taken in the linear

regions (at VDS¼ 200 mV), L and W are the channel length

and width, respectively, and Cox is the gate capacitance per

unit of area. The values of the mobility are plotted in Fig.

1(b). It must be pointed out that, in the field effect mobility

determination from MOSFET transconductance measure-

ments, the effect of the reduction of the inversion-layer

charge density due to electron trapping by interface states is

not directly taken into account. Therefore, the measured lFE

values can be underestimated with respect the “real” inver-

sion channel mobility. The most direct way to take into

account this effect is performing channel mobility measure-

ments on MOS-Hall bars, where mobility and carrier density

are independently measured.8,9 Although the value of the

channel mobility is clearly dependent on the adopted mea-

surement method, in our case, the direct comparison of the

field effect mobility of the two differently prepared samples

is a useful approach to get information on the dominant scat-

tering mechanisms at the SiO2/4H-SiC interface.

Evidently, as expected from the current behavior,

the field effect mobility is higher for the device annealed

without capping layer. In particular, the maximum values

were 40 cm2 V�1s�1 and 24 cm2 V�1 s�1, for the samples

processed without and with capping layer, respectively.

It must be pointed out that after removal of the capping

layer, the p-type implanted SiC surface where the inversion

channel of the MOSFETs forms exhibited a roughness

almost a factor of 5 lower with respect to the region annealed

without protection. The same behavior was observed also in

the non-implanted regions of the wafers, where the MOS

capacitors were fabricated. Consequently, it can be con-

cluded that this roughness is not the main limiting factor

which inhibits the carrier transport (namely, the mobility) in

the channel. As a matter of fact, this hypothesis is confirmed

by the temperature dependence of the mobility lFE, which is

reported in Fig. 2 in the temperature range of 298–423 K. It

can be noticed that in both cases the mobility increases with

increasing temperature.

In order to consider the different scattering phenomena,

the field effect mobility in 4H-SiC MOSFETs can be expressed

considering a combination of several factors:33,34

l ¼ 1

lB

þ 1

lAC

þ 1

lSR

þ 1

lC

� ��1

; (2)

namely, as a combination of the bulk mobility factor (lB),

the acoustic-phonon scattering (lAC), the surface roughness

scattering (lSR), and the Coulomb scattering (lC). It is worth

noting that the use of the Matthiessen-like expression (Eq.

(2)) to describe the mobility has the advantage that the vari-

ous scattering mechanisms limiting the total carrier mobility

are nearly separated. In this way, it is possible to easily

include additional scattering mechanisms in the model with-

out changing the formalism.35 In this sense, the bulk electron

mobility (lB), often referred as low field mobility, is

included as it is typically dominant at high temperatures and

low fields, where carrier confinement effects become less im-

portant, and the electron mobility approaches the mobility in

the bulk.35

Under these assumptions, an increasing mobility with

temperature is an indication that the Coulomb term lC is the

dominant one in Eq. (2). In fact, in this range the bulk mobil-

ity, phonon-scattering and interface roughness contributions

decreases with temperature.33–37 On the other hand, the Cou-

lomb scattering term (lC) in Eq. (2) is typically increasing

with temperature and can be expressed as:38

lCðTÞ ¼ NTa Qb
inv

Qtrap
; (3)

where Qinv is the inversion charge per unit area, b is a empir-

ical coefficient, Qtrap is the trapped charge per unit area, T is

the absolute temperature, a is a temperature coefficient, and

N is a proportionality constant.33

According to the previous considerations, the tempera-

ture dependence of the mobility reported in Fig. 2 suggests

that the Coulomb scattering generated by the presence of

trapped charges at the SiO2/SiC interface strongly limits the

mobility of the carriers in the MOS channel.

Considering the complete expression of the mobility

(Eq. (2)) and the material parameters reported in Refs. 33

and 34, the experimental data in Fig. 2 were fitted using the

interfacial trapped charges (Qtrap) in the Coulomb term as a

free parameter. The other parameters in Eq. (3) were taken

from the literature, i.e., a¼ 1,35 b¼ 1,9,39 and N¼ 7.525

� 10�3 cm2 V�1 s�1 K�a.33 Moreover, the surface roughness

FIG. 2. Temperature dependence of the field effect mobility (lFE) for the

devices processed with or without a capping layer. The continue lines are

the theoretical fit obtained with two different values of the trapped charge

density.
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contribution lSR for the two samples was calculated taking

into account the correlation length and the surface rough-

ness,36 as determined from the AFM data reported in Figs.

5(a) and 5(b).

Basing on these assumptions, a higher density of trapped

charges Qtrap at the interface (5� 1011/cm2) was required to

fit the mobility behavior of the device processed with the

capping layer with respect to the device processed without

cap (2.8� 1011/cm2). The fitting curves are reported also in

Fig. 2 together with the experimental data points.

Even if a better description of the mobility trend would

require to consider also electron trapping effects in the fit,

the validity of our approach has been confirmed by a direct

measure of the density of the interface states (Dit), performed

on n-type MOS capacitors fabricated on the same wafers

using the conductance method. In fact, measuring the Dit in

n-type MOS capacitors is useful for understanding the mobil-

ity behaviour of n-channel MOSFETs, since electrons mov-

ing in the inversion layer are strongly affected by the

interface states located near the conduction band edge.

Fig. 3 shows the energy distribution of the interface state

density for both the MOS processed protecting the semicon-

ductor surface with the capping layer and without the

capping layer, respectively. In both cases, the density of

the interface states decreases when moving inside the band

gap. The maximum Dit values are measured for both samples

close to the conduction band edge and they are 3.6

� 1011 cm�2 eV�1 and 7.2� 1011 cm�2 eV�1 for the sample

treated without and with the capping layer, respectively.

Clearly, a lower density of interface states in the sample

annealed without cap explains the higher channel mobility.

Indeed, it is also worth noting that the values of Dit and the

corresponding channel mobility found in our MOSFETs per-

fectly follow the experimental trend of the correlation curve

lFE vs Dit reported in Ref. 14. It is also interesting to observe

that the integral over the band gap of the Dit profiles gives

values in the order of 1011 cm�2, in good agreement with the

parameter used to fit the temperature behavior of the

mobility.

In order to get a better understanding of the electrical

results, a further morphological-structural analysis of the

interface has been performed.

Recently, the inversion channel mobility at SiO2/

4H-SiC interfaces was correlated with the interface state

density and the mobility degradation was associated with the
FIG. 3. Interface state density (Dit) measured on the 4H-SiC MOS fabricated

on the same wafers

TABLE I. Transition layer thickness at SiO2/4H-SiC interfaces, and corre-

sponding peak mobility and interface trapped charges values. The data are

taken from Refs. 4 and 40.

Transition layer

thickness (nm)

Peak mobility

(cm2 V�1 s�1)

Interface trapped

charges (1011 cm�2)

6 29 4.7

11 24 6.9

20 10 24.9

FIG. 4. High resolution transmission electron microscopy images of the gate

region (SiO2/4H-SiC interface) in the lateral MOSFET processed under the

two different conditions. The images were taken along the [1-100] zone

axis, which is perpendicular to the [0001] direction of 4H-SiC.
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formation of an interfacial transition layer, characterized by

an excess of carbon.40 The main results of this investigations

are summarized in Table I, which reports the values of the

thickness of the transition region at SiO2/4H-SiC interfaces

as measured by TEM, and the corresponding values of chan-

nel mobility and interface trapped charges density40 deter-

mined by devices characterization.

Hence, in our samples, a high resolution TEM analysis

of the gate oxide/4H-SiC interface was carried out in order

to verify the formation of such a transition layer. The micro-

graphs are shown in Figs. 4(a) and 4(b), for the sample proc-

essed without and with the capping layer, respectively. As

can be seen, in both cases, the images reveal an almost per-

fect structural quality of the interface region, since the

atomic stacking of 4H-SiC is visible and no interfacial transi-

tion layer is visible. This result is in agreement with other lit-

erature works in which the formation of such interfacial

disordered layer was not observed.41–43

Basing on this result, other factors, like a different effi-

ciency of nitrogen passivation at SiO2/4H-SiC interface dur-

ing POA in the two samples, must be invoked to explain our

results. As a matter of fact, recently Chang et al.44 argued

that even the composition and crystallographic orientation of

the SiC surface layer can influence the amount of nitrogen

incorporated during the nitridation process of a gate oxide.

Furthermore, Saitoh et al.45 recently evaluated the density of

interface states in MOS capacitors fabricated on 4H-SiC

surfaces with different cut angles, demonstrating a decrease

of the Dit values close to conduction band edge from

5� 1012 cm�2 eV�1 to 3� 1011 cm�2 eV�1 moving from vic-

inal (8�-off) surfaces to 90�-off surfaces, corresponding to

the (11-20) face.

Basing on those experimental evidences, we can argue

that in our case the peculiar surface morphology of the chan-

nel region which depends on the post-implantation annealing

conditions can result into different values of Dit and, ulti-

mately, in a different channel mobility.

Fig. 5 shows the morphologies (acquired by AFM) of

the 4H-SiC surfaces processed without (a) and with (b) the

capping layer, and the corresponding cross sectional TEM

micrographs of the SiO2/4H-SiC interfaces ((c) and (d)),

acquired at a lower magnification. The AFM single scanned

lines taken on the surfaces of the two samples are shown in

Fig. 5(e). From Figs. 5(a) and 5(b), the surface roughness

(RMS) was 0.36 nm and 1.75 nm in the sample annealed

with or without capping layer, respectively. The higher

roughness in the sample treated without the capping layer

originates from to the enhancement of the step bunching

upon annealing. As can be seen in the TEM micrograph (Fig.

5(c)) and in the AFM line profile (Fig. 5(e) squares), the

sample surface shows facets with typical height of about

5 nm, whose orientation is correlated to the original miscut

direction of the wafers. In the present case, the substrates are

cut along the (0001) basal plane with a 4� off-axis misorien-

tation toward the h11-20i direction. Each of these steps

exposes both the (0001) basal plane and the planes along the

h11-2ni direction. On another hand, the sample treated with

the capping layer presents a smoother surface (Figs. 5(b) and

5(d)) where no facets are observed. The line profile in Fig.

5(e), circles, shows the typical 4H-SiC steps with �0.5 nm

height.

From geometrical calculations based on the AFM mor-

phology and cross section TEM images in Fig. 5, it was pos-

sible to estimate the percentage of the SiC surface area

exposing the basal plane (0001) and the (11-2n) planes, both

in the samples annealed with and without the protective cap.

In the first case, more than 93% of the exposed surface was

represented by the basal plane (0001). On the contrary, in the

sample annealed without the carbon cap, more than 45% of

the total area exposes the (11-2n) planes. Hence, according

to the experimental evidences reported in Ref. 45, this pecu-

liar morphology allows to justify the observed reduction in

the Dit at SiO2/4H-SiC interface with step bunching. The

proposed scenario is fully consistent with other recent find-

ings on devices on macrostepped SiC surfaces.46 In this

sense, it cannot be ruled out that our experimental conditions

might result into an anisotropy of the current conduction, as

already observed in Ref. 28.

Finally, it must be also pointed out that a different effi-

ciency of nitrogen incorporation on the (0001) and (11-2 n)

facets during the POA process can be also invoked as a pos-

sible mechanism responsible of the different Dit values in

the two samples. As a matter of fact, it has been also

reported that the amount of incorporated nitrogen can be

well correlated with the trend of Dit and lFE in 4H-SiC

MOSFETs.14

FIG. 5. AFM morphologies of the 4H-SiC surfaces treated without (a) and

with (b) the capping layer, and corresponding cross sectional TEM micro-

graphs of the SiO2/4H-SiC interfaces ((c) and (d)). (e) AFM single scanned

line taken on the surfaces of the two samples.

084501-5 Fiorenza et al. J. Appl. Phys. 112, 084501 (2012)

Downloaded 16 Oct 2012 to 192.167.161.20. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions



IV. SUMMARY

In this paper, we correlated the morphological and struc-

tural properties of SiO2/4H-SiC interfaces with the channel

mobility in lateral implanted MOSFETs. In particular, irre-

spective of the interface roughness originating by post-

implantation annealing, the channel mobility was found to

increase with the temperature, thus being justified by the

occurrence of Coulomb scattering phenomena and electron

trapping at interface states. Lower values of Dit were meas-

ured in the sample with a higher channel mobility. While a

micro-structural analysis showed an almost perfect SiO2/4H-

SiC interface, without the formation of a interfacial transi-

tion layer, the different values of the interface states density

can be explained by geometrical considerations on the pecu-

liar morphology of the annealed 4H-SiC surfaces.

Clearly, under the practical point of view it is worth to

remind that the oxide reliability can be severely affected by

a poor surface morphology of the underlying SiC substrate.

Hence, device makers must set the surface process in order

to find the optimal compromise between the channel mobil-

ity and the oxide reliability.
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