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ABSTRACT 

 
In this paper, the 65-nm node SOI devices with high-

κ offset spacer dielectric was investigated by a two-
dimensional device simulation. Calculated results show that 
the high-κ offset spacer dielectric can effectively increase 
the on-state driving current Ion and reduce the off-state 
leakage current Ioff due to the high vertical fringing electric 
field effect arising from the side capacitor comprising of 
gate/offset spacer/drain extension structure. This fringing 
field and, in turn, the Ion/Ioff current ratio and subthreshold 
swing can be strongly enhanced by increasing the dielectric 
constant of the offset spacer. 

 
Keywords: Silicon-on-insulator (SOI), high-κ offset spacer 
dielectric, fringing electric field. 
 

1 INTRODUCTION 
 

Scaled MOSFETs with higher driving current Ion and 
lower power consumption are urgently required for 
advanced CMOS technology. Silicon-On-Insulator (SOI) 
MOSFETs are one of the promising candidates for further 
scaled MOSFETs [1]-[3]. According to International 
Technology Roadmap for Semiconductors (ITRS) [1], the 
65-nm node SOI processes with 32-nm channel length and 
12-Å oxide thickness could be the mainstream CMOS 
technology. Until now, lots of efforts have been devoted to 
it in recent years [4]-[6]. To increase the reliability and 
reduce the leakage current in scaled MOSFETs, offset-gate 
or lightly doped drain (LDD) structure have been widely 
employed to release lateral drain electric field. However, 
these structures inevitably decrease the on-state driving 
current Ion due to the extra series resistance. Recently, 
different offset spacer dielectrics were used to reduce the 
off-state leakage current Ioff and improve the on-state 
driving current Ion [7]-[8]. Nevertheless, as CMOS 
transistor technology is scaling down to the 65-nm node or 
beyond, the width of gate spacer plays a critical role in 
device scaling [1]. How to scale the spacer width to 
enhance the fringing electric field now becomes a very 
challenging issue in deep submicron CMOS technology [9]-
[11]. 

In this paper, the 65-nm node SOI devices with four 
different offset spacer dielectrics were systematically 
analyzed through a two-dimensional (2-D) simulation using 

MEDICI [12]. With increasing the spacer dielectric 
constant, instead of scaling the width of the offset spacer, 
the influence of fringing electric field on the off-state and 
on-state currents and the subthreshold swing is analyzed 
and discussed. 
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Figure 1. The SOI device structure at (a) off (VGS=0V and 
VDS=1.0V) and (b) on state (VGS=1.0V and VDS=1.0V), 
respectively. 

2 SIMULATION PROCEDURE 
 

The 65-nm SOI device structure used in MEDICI 
simulation is with a channel length of 32 nm, gate oxide 
thickness of 12Å, and body thickness of 15 nm. The doping 
level of source/drain (S/D) and S/D extension are 5x1020 
and 1x1019 cm-3, respectively. To elucidate the effect of the 
dielectric constant (κ) of the offset spacer on the fringing 
electric field of the device, four different dielectrics 
including air (εr=1), SiO2 (εr=3.9), Si3N4 (εr=7.5), HfO2 

697NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-6-5 Vol. 1, 2006



(εr=25) and TiO2 (εr=80) were used. Note that the width of 
spacer was fixed at 30 nm [6][9]-[10] in the simulation. 
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Figure 2. The vertical channel electric field with different 
offset spacer dielectrics at (a) off (VGS=0V and VDS=1.0V) 
and (b) on state (VGS=1.0V and VDS=1.0V), respectively. 

 
3 RESULTS AND DISCUSSION 

 
Figures 1 and 2 show the 65-nm SOI device structure 

and the calculated vertical channel electric field along the 
channel surface at off- (VDS=1.0 V and VGS=0 V) and on-
state (VDS=1.0 V and VGS=1.0 V), respectively. One can see 
that the electric field is up-toward to the poly-gate from the 
drain extension region at off-state. Such a fringing electric 
filed distribution should result in a depletion of the drain 
extension surface and lead to a potential lowering there, as 
a result, it introduces an additional electron barrier height 
and reduces the off-state current. Our calculated results 
reveal that the intensity of the impeding electric field 
(negative values) in the drain extension strongly increases 
with increasing the dielectric constant of the offset spacer 
dielectric. This can be understood that structure of the 
gate/offset spacer/drain extension forms a capacitor at both 
side of the main MOS structure, the fringing electric field 

intensity inside the offset spacer dielectric thus increases 
with increasing the κ value. On the contrary, the vertical 
electric field direction reverses in the drain extension region 
at on-state. Hence the accumulation of electron at the drain 
extension surface elevates channel potential there, 
accordingly, electron barrier height was lowered which is 
favorable for the on-state current. With the κ value of the 
offset spacer increased, the fringing electric field intensity 
(positive values) enhanced substantially, and an improved 
on-state current could be realized. 
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Figure 3. The off-state leakage current of SOI devices with 
different offset spacer dielectrics.  
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Figure 4. Electron concentration of surface channel with 
different spacer dielectrics in on-state region.  

Figure 3 shows the dependence of the off-state 
leakage current on the offset spacer dielectric constant. It is 
because that the increased fringing filed of drain side 
lowers the channel potential to affect the electron barrier 
height in source side to retard the current flow, resulting in 
the reduction of off-state leakage current Ioff. When devices 
operate in on-state, the electron concentration in the S/D 
extension region will thus be increased due to this enhanced 
vertical fringing field as shown in Fig. 4. It results in an 
accumulation layer induced underneath the high-κ offset 
spacer, thereby lowering the series resistance RS/D of the 
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offset region. In addition, this fringing electric field also 
elevates the potential of drain extension region to increase 
the voltage drop across surface channel, resulting in the 
improvement of the on-state driving current Ion as shown in 
Fig. 5. It indicates that the gate potential increases the 
potential of drain extension region via offset sidewall 
spacer which results in a decrease of series resistance at 
source/drain extension region and an increase of the 
channel voltage drop to improve the on-state driving 
current Ion. Consequently, we can expect the IDS-VDS curve 
will be improved significantly due to the vertical fringing 
field as shown in Fig. 6. Figure 6 shows the effect of the 
spacer dielectric on the IDS-VDS characteristics of the 65-nm 
SOI device. It is evident that the degree of Ion improvement 
increases with increasing with the offset spacer dielectric 
constant. Note that the gain in the on-state current becomes 
more apparent at high VGS.  
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Figure 5. The channel voltage drop of SOI devices with 
different offset spacer dielectrics at on-state.  
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Figure 6. The IDS-VDS characteristics of four dielectric offset 
spacer SOI devices.  

Figure 7 shows impact of the offset spacer dielectric 
on the subthreshold swing characteristics of the 65-nm SOI 
device. It is seen that the subthreshold swing (S-Factor) is 
reduced by increasing the offset spacer dielectric constant. 

These results imply that the efficiency of channel 
conductivity at drain extension, which is controlled by the 
gate bias would be higher for the cases with higher κ values. 
Note that a decrease of about 5 % in the S-Factor was 
obtained form employing TiO2 offset spacer.  
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Figure 7. The S-factor of SOI device with different offset 
spacer dielectrics.  

In summary, as we described in off-state region, the 
gate voltage was applied negative bias, the potential 
difference between gate and drain extension region is larger 
when gate bias is more negative. Therefore, the vertical 
electric field will make the electron barrier height be higher 
to reduce the subthreshold current efficiently. It 
significantly improves the subthreshold swing (S-factor), 
This fringing electric field effect was enhanced with the 
increasing of offset spacer permittivity. Figure 7 shows the 
S-factor versus spacer dielectric constant curve, it is found 
that the improvement of subthreshold swing can be 
enhanced by the vertical fringing field, resulting from the 
high-κ offset spacer. Consequently, high-κ offset spacer is a 
essential technology for nanoscale MOSFETs to reduce the 
standby power dissipation and to improve the switching 
ability. 

As compared to the case of SiO2 offset spacer 
(εr=3.9), the use of a TiO2 (εr=80) offset spacer results in an 
increase in Ion of about 26% and a decrease in Ioff of about 
34%, i.e., a significant improvement about twice times in 
Ion/Ioff is then obtained.  

 
4 CONCLUSIONS 

 
The vertical channel fringing electric filed effect via 

the offset spacer has been studied. It has been shown that 
the gate/offset spacer/drain extension structure forms a side 
capacitor at both side of the main MOS structure, it 
introduces a k-value dependent fringing electric filed over 
the drain extension region. The fringing electric intensity in 
the offset spacer causes a potential lowering (rising) in the 
drain extension region at on- (off-) state. The effect of the 
side capacitor on improving the Ion/Ioff current ratio has 
been shown being much more profound for the offset 
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spacer with higher κ values and at higher gate biases. Our 
calculated results show that the use of a TiO2 (εr=80) offset 
spacer results in an increase in Ion of about 26%, a decrease 
in Ioff of about 34%, and a decrease of about 5 % in the S-
Factor as compared to the case of SiO2 offset spacer 
(εr=3.9). 
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