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Abstract. A Slicon carbide (SC) metal semiconductor field effect transistor
(MESFET) with step doping under the gate is proposed. The channel under the gate is
divided into two Source Sde (SS) and Drain Sde (DS) regions with the same lengths and
thicknesses, but with different doping levels. Changes that occur in the breakdown voltage,
DC trans-conductance, drain current, gate-source capacitance, cut off frequency, and short
channel effect as a function of different source side (Nss) and drain side (Nps) channel
doping levels are studied in details. Smulation resultsillustrate that a larger Nss compared
to Nps improves the breakdown voltage. On the other hand, decreasing Nss, reduces the
gate-source capacitance. A larger channel doping concentration under the gate improves
the short channel effect such as DIBL. With varying Nss and Nps, the DC transconductance
has a nonlinear variations. Also, simulation results demonstrate that NSS effects on the DC
and RF characterization of SC-MESFET ismore than that of Nps.

INTRODUCTION for commercial and military communications. This
is made possible due to the superior properties of

The MESFET have drawn considerableSiC and the relatively mature material growth and
attention in recent years due to its potentialisy adevice fabrication technology. The main drawback
a good contender of MOSFET in VLSI/ULSI in using SiC for microwave devices lies in its poor
technology because of the following devicelow field electron mobility of 300-500 citvolt.sec,
characteristics: enhanced radiation hardnesat doping levels of interest for MESFETs in the
immunity to hot carrier aging, scaling well andsles range of 1x18 - 5x10" cmi® . This results in a
mobility degradation. The SIiC MESFETS larger source resistance and lower trans-condugtanc
technology is a candidate for high power microwave&ompared to GaAs based MESFETSs [1-4].
applications. Its wide band gap and high thermal In order to improve the transistor
conductivity offer several advantages compared toharacteristics, in this paper, a non-uniform dgpin
Si- and GaAs-based technologies. SiC MESFETscheme is proposed for the channel of MESFET. In
are very well-suited for high voltage, high powerthis scheme, the channel region under the gate is
and high temperature applications due to its saperidivided into two source and drain side regions with
material properties especially high critical eleetk  the same lengths and thicknesses, but with differen
field, high electron saturation velocity, large dan doping levels. We investigate the effects of
gap and high thermal conductivity. SiIC MESFETssource/drain sides channel doping concentrations
are emerging as a promising technology for higlunder the gate on the DC and RF performance of the
power microwave applications such as transmitterSiC MESFET using extensive simulations.
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1. DEVICE STRUCTURE critical to the gain and power output for a power
FET and the noise margin for a digital FET [11],
Fig. 1 shows the schematic cross-section dfl2].

the conventional SiC MESFET[5],[6]. The Fig. 2 reveals that increasingshland N
dimensions of the structure are as follows: gatéeeduces the negative shift in the threshold voltage
length L=0.7 pm, gate-drain spacingyklpm, Wwith increasing drain-source voltage. For example,
gate-source spacingd= 0.5um, channel thickness according to this figure the negative shift in the
0.25 pm. Channel dopingsN 3x10G’cmi® which is  threshold voltage with increasing the drain-source
changed from N= 2x137cm®to 4x107cm® under  voltage for Ns = Nps =2x10'cm® and Nss = Nos
the gate in the source/drain sides. The doping arrftx10cm® are -5.6V and -5V respectively.
thickness of the P-buffer layer are 1.4 ¥&61° and Therefore, a larger channel doping concentration
0.5 um, respectively. The substrate is semidnder the gate can be used to improve the short
insulating. Nickel is chosen for the gate Schottkychannel effect such as DIBL.
contact with a work function of 5.1 eV. The device P p—
is simulated using two dimensional ATLAS o

. - - Npe=Nee=2: 107 e
software[7] with SiC material parameters[8-10]. il ]
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Fig. 2. Threshold voltage as a function of drain-source
voltage for different Nsand Nss.

Semi-insulating substrate

Fig. 1. Shematic cross section of the conventional SiC

MESFET 2.2 DC Trans-Conductance
2. RESULTS AND DISCUSSION Fig. 3 illustrates the DC trans-conductance as
a function of the N for different Nys at Vps=5V
2.1 Short Channel Effect and Vss=0V. As this figure shows, for small values

of Nps (2x10"cm?®), increasing s increases the

The device performance can be greatlDC trans-conductance. But at higher valuedgs,
improved by reducing the gate length to enhance thBC trans-conductance decreases with increasing
trans-conductance and reduce the gate capacitanfgs The maximum DC trans-conductance is
On the other hand as the technology is pushing thsbtained at Ns<=2x10"cm?® and Nys=3x10"cm?.
gate length to the sub-quarter micrometer range, The minimum DC trans-conductance is
short channel effects are becoming increasinglgbtained at maximum values of siNand N
significant. One of the most pervasive short channg4x10cm?®. This is because larger doping
effects is the drain-induced barrier lowering (D)BL concentration in the channel, degrade the carrier
DIBL is an electrostatic effect causing the barrieimobility and therefore, decreases the DC trans-
between the source and drain of a field effectonductance. Also, simulation results in the fig. 3
transistor (FET) in or near the sub-threshold negiodemonstrate that a higherpNincreases the DC-

to be lowered when the drain voltage is increase@rans-conductance variations for different valués o
This effect causes the channel to return from ggg

pinch-off state to conduct and shifts the threshold
voltage. Consequently, the DIBL places a hard limit
on the minimum gate size and degrades the trans-
conductance and output conductance, which are
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oossf ‘ ‘ ' ‘ ] the below equations[6] wherg,ds the maximum
. D 0| Nps=2x10Vcar 1 DC trans-conductance andsds the gate-source
E 0ou y 1 capacitance
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OmlCys ratio, improves therfand f.a. Simulation
results in the figs. 3 and 4 demonstrate that mall

12 2 25 3 359 4 4.5

Source Side Region Doping (emr® ) 417 Nssand N, increases gand decreasessovhich
Fig. 3. DC _Trans—conductance as a function @ffor improves thef and f,ax. Minimum values of f and
different Nos at Vps=5V and \s=0V. fuaxare obtained at = Nps =4x10’cm* because

Om IS minimum and & has its maximum value.
Also, it can be seen from figs. 3 and 4 that RF
characteristics dependence orshé greater than

Simulated gate-source capacitances as tgat of Nos.
function of Nysfor different values of Ns at Vps =
30 V and \4s = 0 V at frequency of 10 GHz are 2.5 Breakdown Voltage
shown in the fig.4. As is shown in this figureeth _ _
gate-source capacitance reduction is significantly ~ Simulated breakdown voltages as a function
with decreasing the & at a constant f which Of the Nssfor different Nos at Vgs = -1 V is shown
improves the device performance at highn the fig. 5. According to this flgure,_a largesd\
frequencies. But varying thephat a fixed value of compared to Bk can be used to improve the
Nss changes the gate-source capacitance slightl reakdown voltage. A further investigation shows
Smaller Ns increases depletion layer width hat thg breakdown happe.ns at the gate corner near
between gate and source in the channel and th&}f drain due to the electric field crowding [34].[
reduces the gate-source capacitance. The minimufhSmaller Nos reduces the maximum electrical field
gate-source  capacitance  is  obtained &t the gate corner near the draln and increases the
Ns=Nps=2x10"cm®. Therefore, decreasingshand breakdown voltage. The maximum brealfglown
Nps improves the gate-source capacitance’oltage occurs when Jis maximum (4"1_6?”‘ )
However, Neffect is more pronounced than that ofand Nbs is minimum (2x18cm®). The minimum

2.3 Gate-Source Capacitance

Nps. breakdown voltage is obtained atdN 2x10"cm®
ous . and Nos= 4x10"cm®. As can be seen in the figure,
S 55 e iz the breakdown voltage improvement with increasing
e 1 the Nssis higher compared to decreasing thgs.N
044 X et Therefore, the Bsvalue is an important factor in the

Tt breakdown voltage.
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Fig. 4. Gate-source capacitance as a function £ffor 31
different Nys at Vps=30V and \s=0V. mz: et
2.4 Cut- off and Maximum Oscilation f: L —
Frequency N ZScmrceéijdeRegiuinupin;(jch )4 Xloiﬁ
Fig. 5. Breakdown voltage as a function o§Nor
The cut-off frequency {j and maximum different Nys at Vo= -1V.

oscilation frequency £, can be calculated from
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2.6Drain Current
Simulated drain currents versusgsd\for

different values of Nsat Vos=40 Vand és=0V  [1].
are shown in the fig.6. Simulation results in this
figure show that a largerdyand N, increases the
saturated drain current because to allow for a high
drain current, a large product of the channel dgpin
and thickness (N x a) is required [5], [6]. Theidev [2].
with Nss=4x10’cm?® and Ns=4x10'cm® has
maximum channel doping and therefore has
maximum saturated drain current. Also, the
minimum saturated drain current is achieved whep)
the Nss and Nys are minimum (2x18cm?).
Increasing Ns at a constant B, increases the
saturated drain current significantly while incliegs
Nps At a constant B increases the saturation drain
current slightly. Therefore, the SN effect on the
saturation drain current is more pronounced
compared to the . (5]
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Fig. 6. Saturated drain current as a function @f fér
different Nyg at Vps=40V and \6<=0V.

CONCLUSION [9].

In conclusion, the effects of source/drain
sides channel doping concentrations under the gate
on the device performance of SiC MESFETs arélb]'
studied. Simulation results illustrate that at %11].
constant Ns, increasing Ns increases the
breakdown voltage, saturated drain current and gate
source capacitance. The effect oksNand Ny
variations in the DC trans-conductance, cut-off
frequency and maximum oscillation frequency ig12].
nonlinear. A larger channel doping concentration
under the gate can be used to improve the short
channel effect such as DIBL. However, the effdct o
Nss on the DC and RF characteristics is higher
compared to the M.
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