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Ti/4H-SiC Schottky Barrier Diodes with Field Plate and B* Implantation
Edge Termination Technology "
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Abstract: This paper describes the fabrication and electrical characteristics of Ti/4H-SiC Schottky barrier diodes
(SBDs) . The ideality factor n =1. 08 and effective Schottky barrier height ¢ = 1. 05eV of the SBDs were measured
with the method of forward current density-voltage (J-V). A low reverse leakage current below 5.96 X 107% A/

cm” at a bias voltage of — 1. 1kV was obtained. By using B” implantation,an amorphous layer as the edge termina-
tion was formed. We used the PECVD SiO, as the field plate dielectric. The SBDs have an on-state current density
of 430A/cm?* at a forward voltage drop of about 4V. The specific on-resistance R,, was found to be 6. 77mQ »

cm?.
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1 Introduction

Silicon carbide (SiC) has received remarkable
attention during the last decade as a promising de-
vice material for high temperature, high frequen-
cy.and high power device applications due to its
high thermal conductivity and high critical field
for breakdown. It exhibits higher thermal conduc-
tivity (3~13 times) ,critical electric field (4~20
times), and saturated carrier velocity (2 ~ 2.5
times) than conventional semiconductor materials
such as silicon and gallium arsenide" ~*'. As an ex-
ample,Si SBDs with blocking voltage above 100V
are not used due to their excessive reverse leakage
currents and limited forward conduction current-
handling capability. SiC technology has made tre-
mendous strides in the last several years. In power
conversion applications, the opportunity to use
high voltage Schottky rectifiers, whose breakdown
voltages are higher than 300V with low series re-
sistance,can be investigated™"' .

Many authors have investigated the proper-
ties of SiC Schottky rectifiers, first on 3C-SiC,
then on 6H-SiC, and more recently on 4H-SiC.
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Wang et al."® fabricated a Ti/6H-SiC SBD with
Vs = 800V. Sun et al.t* fabricated a Ti/4H-SiC
SBD with a 32um-thick epilayer and (2~5) X 10"
cm™® carrier density with a blocking voltage of
over 1kV. By using high-quality epilayers at a low
donor concentration of 5. 8X10"”cm™* and a rela-
tively small thickness of 9.6;m, a high-blocking
voltage of over 1.1kV was obtained successfully
by Kimoto et al."” . In 2003, Cree broadened its
SiC Schottky rectifier product family to include
1. 2kV devices.

In this paper, we report a high-voltage (>
1. 1kV) Ti/4H-SiC SBD fabricated on 12um-thick
4H-SiC epilayer with B” implantation edge termi-
nation and field plate technology.

2 Experiment

The SiC SBDs were fabricated at the National
Key Laboratory of Monolithic Integrated Circuits
and Modules,using 4H-SiC wafers purchased from
CREE and epitaxial layers provided by CETC55.
The active layer doping level and thickness were
Ny=3.5%X10"cm ° and d =12um,respectively.

The SiC wafer underwent a typical cleaning
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procedure. After cleaning the sample, the proces- Fig.2 Ti/4H-SiC SBD forward InJ-V curve
ses began with the formation of the mark. Then
we formed the edge termination by using the B* tions:
implantation with an energy of 35keV and a dose 1 _ AT < d(cll?/J) (4
of 1X10%cm?. As the field plate, the 300nm SiO, " | Aq% T —ing
was deposited by PECVD. Then the large area $— =1 TiT = (5
q

Nickel back-side ohmic contact was evaporated
and annealed in N, atmosphere at 1000C for
10min. The SiO, layer was removed using 1/10
HF/H,O etchant. Circular Ti Schottky contacts
with diameters of 310um were evaporated. A
schematic of the completed device is shown in
Fig.1.

Forward I-V measurements were performed
in the range of 107" ~1A using a Keithley SCS-
4200. Reverse I-V measurements were performed
in the voltage range of 0~2000V using a Tektron-
ix 370A semiconductor parameter analyzer.

3 Results and discussion

Several Ti/4H-SiC SBDs were investigated in
the direct voltage range of 0 ~1V. Most of the
SBDs show good agreement with the thermionic
current model. The I-V relationship under thermi-
onic emission theory is given by
J = Jlexp(qV/nkT) — 1] @)
and

7. :A“Tzexp(*qgo/kT) (2)
Here,J is the current density, n is the ideality
factor,¢ is the Schottky barrier height,and A"~
is the effective areca-Richardson’s constant. R,, is
the series resistance. If the applied voltage V is
much larger than kT/gq. then the cxponential
term in the above equation dominates,and J can
be approximated as
J = J.exp(gV/nkT) (3)

Then we can obtain the n and ¢ from the equa-

J, can be measured by extrapolating the linear re-
gion of the InJ versus V plot to V =0.

The InJ-V characteristics of the Ti/4H-SiC
SBDs at room temperature are shown in Fig.2.

The ideality factor obtained from the slope of
the forward InJ-V plot for the Ti/4H-SiC SBD
was 1. 08, and the Schottky barrier height calcu-
lated using the theoretically predicted value of the
Richardson constant (150A/(cm?® « K?) ), was
found to be 1. 05eV.

The measured forward current-voltage (I-V)
characteristics of a typical SBD at a room temper-
ature are shown in Fig. 3.

We can obtain the series or specific on-resist-
ance R,, to be 6. 77mQ *+ cm®. As we can see from
Fig.3,the deviation from linearity at a high for-
ward current is due to the series resistance associ-
ated with the ohmic contact and body resistance.
The lower the value of R, is,the more effective
are the ohmic contact and body resistance.
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Fig.3 Forward Ti/4H-SiC SBD I-V curve
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Fig.4 Forward Ti/4H-SiC SBD J-V curve

Figure 4 shows the forward J-V characteris-
tics of the Ti/4H-SiC SBD. We can find that the
SBDs have a current density of 430A/cm?® at a for-
ward voltage drop of 4V.

The room temperature forward and reverse
I-V characteristics of the Ti/4H-SiC SBD ob-
tained on a 12uym-thick n-type 4H-SiC epilayer
grown by CETC55 are plotted in Fig.5.

From Fig.5,the Ti/4H-SiC SBD rectification
ratio of forward to reverse (defined at £1V) is
over 10" at a room temperature.

The blocking voltage is more than 1. 1kV. A
low reverse leakage current below 5.96 X 107 ° A/
cm’® at the bias voltage of — 1. 1kV has been ob-
tained. A lower leakage current and higher bloc-
king voltage could be realized by high-quality
CVD-grown SiC layers and the optimized edge
termination structure.

4 Conclusions

In summary, we have fabricated high per-
formance Ti/4H-SiC SBDs on 12um epilayer SiC
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Fig.5 Forward and reverse Ti/4H-SiC SBD I-V curves

wafer. The breakdown voltage is measured to be
higher than 1. 1kV. At room temperature,the ide-
ality factor and barrier height are 1.08 and
1. 05eV, respectively. The series resistance R, is
6.77mQ + cm’. A low reverse leakage current be-
low 107*A/em™? is obtained at the bias voltage of
- 1.1k V.

The 4.5kV SiC Schottky diodes were fabrica-
ted at CNM using a process technology developed
in the framework of the ESCAPEE project'’’. In
the next step, we may increase the SiC epilayer
thickness and PECVD SiO, thickness. Then
through changes in SiC SBD process technology
we will further improve the performance of the
SiC SBDs.

We would like to thank the
first and the fifth institute centers for semicon-

Acknowledgements
ductor processing during the device fabrication.

References

[1] Trew R J.Experimental and simulated results of SiC micro-
wave power MESFETs. Phys Status Solidi A,1997,162:409

[ 2] Chow T P,Ramungul N,Ghezzo M.et al. Recent advances in
high-voltage SiC power devices. Proc High Temperature
Electronic Materials, Devices, and Sensors Conference, San
Diego, USA,1998

[ 3] Zetterling C M. Process technology for SiC devices. PhD
Thesis, Department of Electronics, KTH, Royal Institute of
Technology,Stockholm, Sweden, 1997

[4] Defives D,Noblanc O,Dua C.et al. Barrier inhomogeneities
and electrical characteristics of Ti/4H-SiC Schottky rectifi-
ers. IEEE Trans Electron Devices,1999,46(3) :449

[57] Wang Shurui, Liu Zhongli, Li Guohua, et al. High-voltage
Ti/6H-SiC SBD. Chinese Journal of Semiconductors.2001,22
(8):962

[ 6] Sun Guosheng, Ning Jin, Gao Xin, et al. Homoepitaxial
growth of 4H-SiC and Ti/4H-SiC SBDs. Journal of Synthetic
Crystals,2005,34(6) : 1006

[ 7] Kimoto T, Urushidani T, Kobayashi S. High-voltage
(>1kV) SiC Schottky barrier diodes with low on-resist-
ances. IEEE Electron Device Lett,1993,14:548

[ 8] Cheung S K,Cheung N W. Extraction of Schottky diode pa-
rameters from current-voltage characteristics. Appl Phys
Lett,1986,49.85

[ 9] Itoh A,Kimoto T.Matsunami H. Efficient power Schottky
rectifiers of 4H-SiC. Proc Int Symp Power Semicond De-
vices,1995:101

[10] Tournier D, Waind P, Godignon P. et al. 4. 5kV. 8A SiC-
Schottky diodes/Si-IGBT modules. Materials Science Forum,
2006,527~529.:1163



1336 T R E W %28 %

KB BT E FiE N B &L AR Ti/4H-SiC
HiFEBL_HRE"

BORT O FEE oM OB EALL
R L B P 57 Y S i S R R A S % R 210016)

WE: R A FIMER 4H-SiC SME R, F ] PECVD K1Y SiO, R BT, B & T IEA LG AR G T
Ti/4H-SiC ¥ fi2k ¥ 2 “ A . AL SRR . Ti/4H-SiC B FEH 2 “HAEBE R T n=1.08. F2®E ¢ =
1.05eV, BRI HLFE Y 6. 77mQ « cm?® , IE ] HE IR 4V IR, B % 5K B 430A/em?® . M d FF LR R T 1. 1kV, %)
L AL E SN 1.1k V B, B IR EL RO 5. 96 X 107 A/cm? .

REW: AR HRER2TNE BANT; BeNE BTIEA
EEACC: 2520M; 2530D; 2550
HES%ES: TN311".7 XHkARIREG: A XEHS: 0253-4177(2007)09-1333-04

x B A BUE B 5 R K R T S A 4 R B T H (b HE S 1 9140C140401)
T 3 {5 1F# . Email : steelchg@163. com
2007-03-29 Y 3] ,2007-04-24 &5 ©2007 thEHETF¥E



