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Abstract 
This paper reports a 2D analysis ofthe qvasi-saturation behaviorof GH-Sic DMOS devices considering 
surface trapping effect. Based on the sfudy. in the pre-quasi-saturation region, the drain current is 
predominantly determined by the surface trapping efTect. In the quasi-saturation region, the drain 
current is mainly influenced by the elehron mobility in the substrate region. 

6H-Sicmaterial is receiving a lot of attention for hih-temperature and high-power applications owing 
to its large bandgap, high thermal conductivity, and high breakdown voltage [l][2]. Using 6H-Sic, 
MOS devices have been fabricated (31. For DMOS devices, quasi-saturation behavior is important [4]. 
In this paper, a 2D simulation study on the quasi-saturation behavior of GH-Sic DMOS devices con- 
sidering surface trapping effect is reported. I t  will be shown that in the pre-quasi-saturation region, 
the drain current is predominantly determined by the surface trapping effect. In the quasi-saturation 
region, the drain current is mainly influenced by the electron mobility in the substrate tegion. In the 
following sections, the device structure of the 6H-SIC DMOS under study is described first, followed 
by the quasi-saturation behavior. 

summary 

Consider the cross section of a GH-SIC PMOS device (41 as shown in Fig. 1. The DMOS device 
has an N -  epi region of l l p m  with a doping concentration of 1 x 1016cm-3 and an N+ polysilicon 
gate with an oxide thickness of 500A Bnd a double-diffused channel of 1.3pm. In order t.o simplify ilie 
analysis, only half of the device is studied. In order to facilitate 2D device simulation for the GH-Sic 
DMOS device, in the PISCES program, appropriate models 1.51 as shown in Fig. 2 have bern uscd. As 
shosn in Eq. (1) of Fig. 2, tlie energy bandgap of the 6H-SIC is ,much larger than that of Si. Due to  
a much larger bandgap, the intrinsic carrier concentration of the GH-SIC is much smaller as shown in 
E q  (2), as coriiparcd to Si. For (511-Sic, inconiplclc iouizatiou of donors (Eq. (3)) caiiiiot be ncglvctcd 
since ED - Er,, is smaller. Compared to Si, the permittivity of GH-Sic is smaller. 

The electron mobility model in the 6H-Sic DMOS device is different from that in the Si DMOS 
device. In the bulk of the 6H-Sic DhlOS device, the electron mobility model is similar to that for Si 
as shown in Eqs. (5)(6). Compared to Si, it has a larger saturated velocity and a smaller mobility- 
a much larger critical electric field. As for Si, as temperature goes up, the saturated velocitF and 
the mobility becomes smaller. As for Si, an electric field dependent mobility model has been used 
(Eq. (7) ) .  In the lateral channel region, the mobility model is different. In the lateral channel region 
of the GH-SiC DMOS device, A1 has been used as the p-type dopant [GI. During oxide growth, hl 
is incorporated into oxide, thus, "slow" electronic trapping centers are formed at the oxide interface. 
Carriers in the lateral channel may be trapped by these trapping centers. As a result, the effective 
mobility is much lowered. As the ambient. temperature is raised, the'heated electrons in t,he lateral 
chanel may stand against being trapped by the trapping centers. Therefore, as the temperature goes 
u p  to within certgn range, the effective channel mobility may increase. In order to show the infiuence 
of the surface trapping effect, 2D device simulation of the 6H-SIC DMOS device has been carried out 
with and without considering surface trapping effect. 

Fig. 3 shows the ID vs. Vcs curves of the GH-SIC DMOS device biased at  VDS = lo!', 301'. .50\'. 
operating at  an ambient temperature of 1OOC. 150C, and 2OOC. Solid Lines show the results coiisi&t- 
ing tlie surface trapping effect and dashed lines are for without considering it. At 1OoC. coiisideriiig 
surface trapping effect, the drain current is much smaller, as compared to the case without considering 
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it. Without considering surface trapping effect, quasi-saturation behavior: "As VGS is greater than a 
certain value, the drain current is almost independent of VGS" can be obPerved. Considering surface 
trapping effect, no quasi-saturation can be seen -only pre-quasi-saturation exists a t  1OOC. As reported 
in the previous paper [4], in the pre-quasi-saturation region, the drain current is predominantly deter- 
mined by the lateral channel and in the quasi-saturation region, the drain current is mainly determined 
by the current conducting region in the bulk. Therefore, in the prequasi-saturation region, the drain 
current is mainly influence by the surface trapping effect and, in the quasi-saturation, it is determined 
by the electron mobility in the substrate region. As shown in t.he figure, as the temperature k raiscd. 
witlioul considering the surface trapping effect, the drain current is lowered. At a higher tellgmat.urc. 
considering surface trapping effect, the pre-quasi-saturation region is shrunk. As reflected. in the slope 
in the pre-quasi-saturation, the effective mobility is raised at a higher temperature sin:e the positive 
surrace trapping effect. As shown in the figure, as the temperat.ure is raised lo ZOOC, the drain current 
for tlir cases with aud without considering surrace trapping effect gets sindar. Therefore, at a certain 
higli temperature. for the GII-Sic DMOS device biased at quasi-saturation. the surface trapping effect, 
becomes less important in determining the drain current. 

Fig. 4 shows the electron density profiles in the vertical direction at the right side of the 6H-SIC 
DMOS device, biased a t  VGS = 30V and VDS = lOV, 30V, 50V, operating at ambient t.emperature of 
lOOC, 150C, and 200C. Different from that in the Si DMOS device, in the area away from t,he surface 
region, the electron density distribution is uniform and smaller than its doping density. This is due 
t o  a much larger critical electric field in 6H-SIC- in the vertical substrate direction, the ve1ocit.y of 
travelling electrons is difficult to reach its saturated velocity. In addition, due to a smaller Er. - ED, 
incomplete ionization of donors exists in the substrate region of the 6H-Sic DMOS device. As shown 
in the figure, ionization of donors increases a t  a higher temperature. 

References 
[l]R. Davis, G. Kelner, M. Shur, J .  Palmour and J .  Edmond, "Thin Film Deposition and Micro- 
electronic and Optoelectronic Device Fabrication and Characterization in Monocrystalline Alpha and 
Beta Silicon Carbide," IEEE Proc., pp. 677 5/91 
[2]M. Bhatnagar and B. Baliga, "Comparison of 6H-Sic, 3CSiC, apd Si for Power Devices," IEEE 
TED, pp. 645,3/93 
S. Sheppard, M. Melloch, J .  Cooper, "Chara;teristics of Inversion-Channel and Buried-Channel MOS 
Devices in 6H-Sic," IEEE TED, pp. 1257, 7/94 
[4]C. Liu, K .  Lou and J .  Kuo, "77K vs. 300K Operation: The Quasi-Saturation Behavior of DMOS 
Device and its Fully Analytical Model," I€€€ TED, 9/93 
[B]M. Ruff, H. Mitiehner, R. Helbig, "SIC Devices: Physics and Numerical Simulation", IEE€ 
pp. 1040, 6/94 
[CID. M .  Brown;hl. Ghezzo, J .  Kretchmer, E. Downey, J .  Pimbley, and J. Palmour, "SIC hfOS Inter- 
face Characteristics," IEEE TED, pp. 618, 4/94 

." 
I 

Fig '1. Cross section of the BH-SIC DMOS Device. 
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Fig 2 Important dcvice modcls for GII-SIC 
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Fig. 4. T h e  electron density profiies in the vertical 

direction a t  the right side of the 6LI-Sic DXIOShesice. 
biased at \'~5 = 30" and V,, = IOV, 30V. 5OV. operating 


