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Abstract 

This paper presents short-channel effects of SO1 partially-depleted (PD) dynamic-threshold MOS (DTMOS) 
devices using a compact model derived from a quasi-2D approach and MEDlCl 2D simulation. Based on the 
analytical model, as verified by the 2 0  simulation results, the DTMOS device has less short channel effects 
including drain-induced-barrier-lowering (DEL)-induced short channel effects. 

Summary 

For the SO1 PD DTMOS device as shown in Fig.1, by dividing the thin-film into three regions-I) the left 
fully-depleted region near the source (Ocycl-l), (11) the top fully-depleted region near the surface (1_2<ycL), and (111: 
the right fully-depleted region near the drain (O<xcw-d) excluding the bottom neutral region, and using a quasi-2D 
approach, solving 2 0  Poisson’s equation with the boundary conditions derived from VG,VD, and Vs, the surface 
electrostatic potential distribution has been obtained. From the surface electrostatic potential distribution, the 
threshold voltage of the SO1 PD DTMOS device, which is defined as the gate voltage when the minimum surface 
electrostatic potential is equal to thin-film Fermi voltage, has been obtained. 

In order to verify the validity of the compact short-channel effect model for the SO1 PD DTMOS device, the 
analytical model results have been compared with the MEDlCl 2D simulation results. Fig. 2 shows the threshold 
voltage vs channel length of the n-channel SO1 PD DTMOS device with a gate oxide of 64A, a p-type thin-film 
doped with a density of 1 .5-6x101’cm”, a channel width of lum, biased at vDS=O.lv and VBs=0V, 0.6V. As shown 
in the figure, with a more heavily doped thin-film, its short channel effects are less noticeable. Note that the VBs=O 
case can be regarded as the conventional device without the DTMOS structure (VGS=OV). Compared to the case 
without the DTMOS structure (VBS=OV), the DTMOS one has smaller short channel effects. As shown in the figure, 
the analytical model results predict well of the short channel effect behavior as verified by the 2D simulation results. 
Fig. 3 shows the threshold voltage vs channel length of the n-channel SO1 PD DTMOS device with a gate oxide of 
64A, a p-type thin-film doped with a density of 3~10”cm-~, and a channel width of lum, biased at vDS=o.Iv and 
VBs=0 - 0.6V. As shown in the figure, at a higher VBS (VGS), short channel effects are smaller. Compared to the 
case without the DTMOS structure (VBs=O), the DTMOS one has smaller short channel effects. Fig. 4 shows the 
threshold voltage vs channel length of the n-channel SO1 PD DTMOS device with a gate oxide of 64A, a p-type 
thin-film doped with a density of 3~10”cm-~, and a channel width of lum, biased at vDS=O.lv, 0.6V and VBs=OV - 
0.6V. As shown in the figure, at a larger VDS, the short channel effects due to drain induced barrier lowering (DIBL) 
are more noticeable. Compared to the case without the DTMOS configuration (Ves=O), the DTMOS device shows 
less DIBL-induced short channel effects. 
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Fig. 1: Cross section of the SO1 partiallydepleted (PD) 
dynamic-threshold MOS (DTMOS) device under 

study. 

0.45 - v,,= ov . 
0.4 vas= 0.2v 

1 0.3 . Vas= 0.4V 
0 - 
0 

8 ,  

I 

1 

g 0.2 
In 

0.15 r 
I- 0.1 

- Vas= 0.6V 
fr 

L 

. q k  

to* = 648, voS a O.IV 

,. N,, = 3x10”ct?i3, W 1~ 1 pm . * 

1 

0.05 

2D Slmulatlon Model 

VDSn 0.1V 
0.8 V =0.6V 

v 

- 

a d- 
0.6,- e 

f 1 

0 > NSI = 6x10”coiJ 

...:.:..7 ................. \ ............... -.., 
N,I = 1.5x1d7cni3 

.... ................. .................. .Ad ...................... , 
0:s 0:7 ole o:g 1 

Channel Length (pm) 

Fig. 2: Threshold voltzge vs. channel length of the n-channel Sol 
PD DTMOS device with various p-type thin-film doping 

densities. 
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Fig. 3: Threshold voltage vs. channel length of the n-channel SO1 
PD DTMOS device biased at various body voltages. 

Fig. 4: Threshold voltage vs. channel length of the n-channel SO1 
PD DThrlOS device biased at various drain voltages and 

body voltages. 
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