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Abstract 

Roosevelt Rd.. Sec. 4, #1, Taipei, c h i  

’ l h s  paper reports an anal) tica! delajed-turn-off model for 6U-Sic buried-channel NhlOS de\ ices 
considering incomplete ionization As Terified by the PISCES results, the analytical model provides 
an accurate prediction of the IV characterlstics of a 6H-SIC buried-channel NMOS device According 
to the analytical model, the slope of dela,ed-turn-off regon becomes smaller as the doping density of 
the buried channel increases 

Summary 
The 6H-SIC is receiving a lot of attention for high-temperature and high-power applications owing to  
its large bandgap, high thermal conductivity, and high breakdown voltage [l]. Usmg 6H-SIC, buried- 
channel NMOS devices have been fabricated [2]. Due to a large effective acceptor/donor ionlzation 
energy, incomplete ionization of dopants [3] comphcates the analysis of SIC MOS de*ices In this 
paper, an analytical delayed-turn-off model for 6H-SiC buried-channel NMOS devices considering in- 
complete ionization IS reported 

As shown in Fig 1 the 6H-SIC buriea-channel NMOS device [2] has a gate oxlde of 736A and a 
0 16pm n-type buried channel doped with a density of 4.9 x l O ” ~ m - ~  above the p‘type 10i6cm-3 
substrate in order to facihtate 2D ana!?sis for the 6H-SiC NMOS device, PISCES simulation has 
been used with appropriate parameters including bandgap, densities of states, and mobilities In ad- 
dition, the ionized impurit) concentrations have been modeled using Ferm-Duac statistics H itb the 
ellective donor and acceptor ionlzatiou energies [4] Fig. 2 shows the ID vs Vc curves ol  the CII-SIC 
buried-channel NMOS deirce w i t h  a channel junction depth of 0 08pm, 0 16pm, and 0 32pm blased 
at  Vg = OV, -6\’, based on the PISCES results At VG = 5V, it’s in the accumuiatlon region As 
s h o w  in the figure as 1 G becomes more negative, it s in the delayed-turn-off region M’ith a buried 
chaiincl of 0 32pm and 0 1 6 p 1  as the drain current reaches a certain negative value, a more iiegati\e 
\‘G does not degrade the drain current as a result of surface hole mversion 

In the delayed-turn-off region !he buried-channel is partially depleted. As Indicated m Fig 1 the 
rertical dlrection of the device can be diiided into three sections In the channel region, the elec- 
tric field is neglible from charge neutrahrj considermg incomplete ionization, one obtains Eq (1) as 
shown in Fig 3 Iiote that in tn- channel region, incomplete ionization is important since E c  - ED 
IS large as show11 iii rig 3 rrom Cqs (1)-(3), thc channel potential is as Eq (4) 111 the partiall:, 
ionized regions aboLe and beloa the channel region. the Poisson’s equation IS as Eq (5) Solving the 
Polssons equation ui th  bouiidar! conditions as Eqs (6)&(7). the electric field at the boundar) is as 
Eq (8) Considering the \oltage drop across the partiallp ionized region and from Eq (8). the nidth 
of partiallj ionized region and the effec!i\e charge density have been obtained as Eqs (9)( 10) In the 
full) ionized regions above and below tne partiall:, ionized regions, the Poisson’s equation IS Eq (11) 
Solving tile Poisson s equation with boundark conditions, the i\ldths of the fullp ionized re&ions are as 
Eqs (12)-(14) lu  the delayed-turn-off repon, the conduction current IS expressed as Eq (15) A t  t h y  
onset of hole inversion at the omde interface. the hole density is expressed as Eq (16) From Eq ( i6 )  
the surface potential and consequentl? the gate voltage have been obtained as Eqs (17)&(18) As the 
buried-channel is full! depleted the gate xoltage is as Eq (19) 

Fig 2 shows the IC vs  VG curves of the 6H-SIC buried-channel NhfOS device with a channel 
junction depth of 0 08pm 0 1 6 p m ,  and 0 32pm, biased at  V B  = 0V,-6V, based on the anal) tical 
model and the PISCES results A good match between the model results and the PISCES data 
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can be observed. Fig. 5 shows (a) the electron density distribution and (b) electrostatic potential 
distribution in the substrate direction of the 6H-SIC buried-channel NMOS device biased at V,: = 
t 5 V  (accumulation), -lOV (delayed-turn-off), -2OV (inversion) based on the analytical model and the 
PISCES results. As indicated in the figure, incomplete ionization of donors in the 'channel region can 
be seen. A good match between the model results and the PISCES data can be 5ee.n. Fig. 6 shows the 
transconductance vs. channel doping density curves of the 6H-Sic buried-channel NMOS device biased 
in the delayed-turn-on region. With a more heavily doped buried channel, the transconductance in the 
delayed-turn-off region is smaller as a result. of the incomplete ionization effect and the concentration- 
dependent. elfect. Fig. 7 shows the gate voltage when punchthrough of the buried channel occurs 
( V G ~ ~ )  and the gate voltage when surface inversion starts to happen (VG.~) vs. the channel doping 
density of the GH-Sic buried-channel NMOS device with a channel junction depth of 0.08pm and 
O.lGpm, biased at VB = OV and -6V., For a deeper buried channel of 0.16pm, surface inversion 
occurs at a less negative VG since V ~ s i  > V G ~ ~ .  Once the surface inversion h,$ppens, the device 
cannot be turned off. Therefore, in order to have a 6H-SIC buried-channel MOS device, which can be 
turned off, the buried channel should be properly designed such that V G ~ ~  > V G ~ , .  
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fig.  2. The 10 y. Vc c u r v n  of i h e  GK-Sic burled. 
chanticl NMOS aev,ce with a channei j u n c t m  depth 01 
0.08~1n.  0.16," and 0.32pm. biased at V u  = OV, -6V, 
bared on the ollalrtiral model and t h e  PISCES ierukcs 
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