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This paper investigates the effect of gate electrode work function in 30 nm gate length conventional and 
junctionless FinFETs using technology computer-aided design (TCAD) simulations. DC parameters, 
threshold voltage (vt), drive current (Ion) and output resistance (Ro), and RF parameters, unity gain cut-
off frequency (ft), non-quasi static (NQS) delay and input impedance (Z11) are investigated. Junctionless 
devices being bulk conductive behaves differently with respect to work function variation compared to 
surface conducting conventional devices. The rate of change in Vt and Ion with respect to work function, 
in junctionless devices, is slower compared to conventional devices. Owing to better drain induced 
barrier lowering (DIBL) performance, junctionless devices have higher output resistance. In 
conventional devices, ft is not sensitive for most of the work function range due to the screening effect 
of the inversion layer whereas junctionless device shows strong dependency on the work function. 
 
Key words: FinFET, Junctionless transistor, work function, drain induced barrier lowering (DIBL), technology 
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INTRODUCTION  
 
Down-scaling in the conventional bulk complementary 
metal oxide semiconductor (CMOS) technology is facing 
critical issues such as short-channel effects and high 
power dissipation in MOSFET devices. Multi-gate devices 
are thought as a potential alternative to MOSFETs. 
Among the multi-gate devices, junctionless devices 
(Colinge et al., 2010a, b; Lee et al., 2010a) have gained 
significant attention as potential candidates for replacing 
the traditional CMOS technology in the nanometer 
regime.  

Multi-gate devices heavily rely on gate electrode work 
function engineering. The effect of work function in 16 nm 
gate length conventional FinFETs has been explored by 
Hwang et al. (2009, 2010). The impact of work function 
on RF characteristics like unity gain cut-off frequency (ft) 
and gate capacitance have been discussed in the above 
said references.  

Junctionless devices being bulk conductive, the effect 
of   gate  electrode   work   function  engineering   will   be  
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different from that of conventional FinFETs. Variation in 
DC characteristics like threshold voltage, subthreshold 
slope (SS), drain induced barrier lowering (DIBL) and 
drive current with respect to gate length (both physical 
and effective), fin width, doping concentration, 
temperature and line edge roughness (LER) have been 
reported for junctionless and inversion mode devices 
(Lee et al., 2010b, c; Colinge et al., 2009; Choi et al., 
2011; Souza et al., 2011; Leng et al., 2011). But a 
comprehensive understanding of the impact on the work 
function of the junctionless device is yet to be explored. 
 
 
SIMULATOR AND SIMULATION METHODOLOGY 
 
TCAD simulator 
 
Sentaurus TCAD simulator from Synopsys (2008-2009) is used for 
this study. All the simulations are carried out at 2D level. The 
simulator has many facilities and the following modules are used in 
this study: 
 
i. Sentaurus structure editor (SDE): This is used to create the 
device structure, to define doping, to define contacts, and to 
generate mesh for device simulation, 
ii. Sentaurus    device    simulator    (SDEVICE):  This   is   used   to  
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simulate all DC, AC and transient characteristics. In the simulations, 
doping dependency of mobility, effect of high and normal electric 
fields on mobility, velocity saturation and carrier quantization are 
used, 
iii. Tecplot and Inspect: These are used to view the results. 
 
 
Simulation methodology 
 
The device structures are generated using SDE. Figure 1(a) shows 
conventional double gate (DG) transistor. Figure 1(b) depicts the 
junctionless double gate (DG) transistor. The current values of the 
two devices are calibrated against the published experimental 
results by tuning the Silicon parameter library file (Kranti et al., 
2007; Lee et al., 2010b; Leung and Chui, 2011). After calibration, 
the device dimensions are brought to the requirements as given in 
Table 1. Figure 2 shows the simulated Id-Vg characteristics for 
double gate (DG) with Ioff matched = 0.59 nA/µm. 

From the saturation Id-Vg characteristics, Vt and Ion are extracted 
and from Id-Vd characteristics, Ro is extracted for different gate bias. 
From the standard AC simulations ft is extracted when |Y21/Y11| 
equals one, and it strongly depends on the gate bias. At various 
gate biases ft is calculated and the maximum of them is taken as ft. 
Non-quasi static (NQS) delay is extracted using transient 
simulation, that is, a small time varying AC signal along with a DC 
bias (0.5V) is applied to the gate. The delay between the applied 
gate signal and the drain current is measured to get the NQS delay. 
The real part and imaginary part of the input impedance (Z11) are 
calculated from the standard AC simulations. TCAD simulation 
yields Y-parameter matrix which are converted into Z-parameter 
using standard formulae. 

 
 
RESULTS AND DISCUSSION 

 
The work function (WF) is varied from 4.4 to 5 eV and 5.3 
to 5.9 eV for conventional and junctionless devices, 
respectively. Studies related to gate electrode work 
function engineering can be found in (Kang et al., 2006; 
Luan et al., 2006). Outside these ranges, threshold 
voltage either becomes too high resulting in very less Ion 
or too low resulting in too high Ioff. As already stated, DC 
parameters, Vt, Ion and Ro and RF parameters ft, NQS 
delay and Z11 are extracted with respect to this work 
function variation. 
 
 
Effect of work function on Vt, Ion and Ro 
 
Figure 3 depicts the variation of Vt w.r.t WF for both the 
conventional and junctionless devices. This Vt extraction 
is done by means of peak gm method. It can be seen from 
Figure 3 that Vt increases for both conventional and 
junctionless device. Another observation from Figure 3 is 
that the work functions in the range of 4.6 to 5 eV for 
conventional FinFETs, and 5.3 to 5.8 eV for junctionless 
FETs offers similar Vt. Figure 4 and 5 show the variation 
of conduction band energy along the channel for various 
WF, for conventional and junctionless DG respectively, 
with drain @ 1 V and gate @ 0 V. Since the increase in 
WF provides more barrier Vt increases with WF.  

The effect of gate-channel work function  difference  on  
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channel charge carriers is less in bulk conducting 
junctionless devices compared to surface conducting 
conventional devices which means that the rate of 
increase in Vt w.r.t work function change should be 
smaller in junctionless devices compared to conventional 
devices. This behavior is clearly seen in Figure 3.  

Figure 6 shows the variation of Ion w. r. t work function, 
for conventional and junctionless devices with VGS = 1V. It 
can be seen from Figure 6 that work functions in the 
range of 4.7 to 5 eV for conventional FinFETs, and 5.3 to 
5.7 eV for junctionless FETs give similar Ion. Similar to Vt 
behavior, the rate of change in Ion w.r.t work function 
change is smaller in junctionless devices compared to 
conventional FinFETs. This can be again reasoned out in 
a similar manner as that of Vt variation w.r.t work 
function. Figure 7 shows the output resistance versus 
work function plots of conventional and junctionless 
devices, for different gate biases. As expected, due to 
less drain induced barrier lowering (DIBL), junctionless 
devices offer higher output resistance, for the given bias.   
 
 
Effect of work function on ft, NQS delay and Z11 
 
Figure 8 depicts the ft variation w.r.t work function. It can 
be observed from Figure 8 that ft in conventional devices 
is almost independent of work function variation. But, the 
junctionless devices show variation in ft when work 
function is changed. Gate capacitance (Cgg) in 
conventional devices is less sensitive to work function 
because of the screening effect which is normally 
observed in the inversion mode devices (Hwang et al., 
2010). ft also did not show any significant change w.r.t 
work function. But, Cgg in junctionless devices show 
significant dependency on work function. Cgg combined 
with the trans-conductance (gm) at bias points where ft is 
extracted, results in the ft behavior w. r. t work function as 
shown in Figure 8.  

Figure 9 shows the NQS delay versus work function of 
conventional and junctionless devices, for 200 GHz. For 
both the devices, the NQS delay increases as expected. 
Once again, the rate of increase is less in junctionless 
devices compared to that of the conventional device 
because delay normally follows the trend of Vt. Figures 
10 and 11 depict the real (ReZ11) and imaginary (ImZ11) 
part of Z11 versus work function, for the conventional and 
junctionless devices for two different frequencies of 1 and 
10 GHz. To reason out the results of Figures 10 and 11, 
the following expression for the input impedance could be 
used (Ponton et al., 2009).  
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The above expression can be used only for reasoning out 
the  trends  of  Figures  10  and 11. They need not predict 
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Figure 1. (a) 2-D structure of conventional DG (b) 2-D structure of junctionless DG. 

 
 
 

Table 1. Dimensions and process parameters of the Conventional DG and Junctionless DG. 
 

Process parameters Conventional DG Junctionless DG 

Gate length (Lg) 30 nm 

Fin width (W) 10 nm 

Gate oxide thickness (Tox) 1 nm 

Channel doping (Nch) 1e15/cm
3
 2e19/cm

3
 

Source/drain doping (Nsd) 1e20/cm
3
 2e19/cm

3
 

Supply voltage (Vdd) 1 V 

 
 
 
the correct values of input impedance. The combined 
behavior of gm, and ft (which is again a function of gm, and 
also Cgg) give rise to the trends seen in Figures 10 and 
11. It has been reported that gm for junctionless devices is 
lower compared to conventional devices (Doria et al., 
2011). So, it is expected that the junctionless devices will 
show larger ReZ11 and ImZ11 compared to conventional 
devices.  
 
 

Conclusion 
 

The effects of gate electrode work function on DC 
parameters, Vt, Ion, Ro and RF parameters, ft, NQS delay 
and Z11 were studied in 30 nm gate length conventional 
and junctionless FinFETs using TCAD simulations. 
Conventional devices are sensitive to DC parameters and 

not very sensitive to RF parameters when gate electrode 
work function is varied. Junctionless devices are sensitive 
to both DC and RF parameters for work function 
variation. Due to its bulk conduction property, variation of 
Vt and Ion with respect to work function is smaller. Due to 
the screening effect of the inversion layer, ft in 
conventional devices was insensitive to work function 
variation whereas junctionless devices show dependency 
on work function. NQS delay w.r.t work function follows Vt 
trend for both devices.  
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Figure 2. Simulated Id-Vg characteristics of DG devices of gate length 30 nm with Ioff = 0.59 nA/µm. 
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Figure 3. Variation of Vt w.r.t. WF for conventional and junctionless DG. 
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Figure 4. Band diagram of conventional DG along the channel w.r.t WF. 
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Figure 5. Band diagram of junctionless DG along the channel w.r.t WF. 
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Figure 6. Variation of Ion w.r.t. WF for conventional and junctionless DG with VGS=1 V. 
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Figure 7. Variation of Ro w.r.t. WF for conventional and junctionless DG. 
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Figure 8. Variation of ft w.r.t. WF for conventional and junctionless DG. 
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Figure 9. Variation of NQS delay w.r.t. WF for conventional and junctionless DG. 
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Figure 10. Variation of real part of Z11 w.r.t WF for conventional and junctionless DG. 
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Figure 11. Variation of Imaginary part of Z11 w.r.t WF for conventional and junctionless DG. 
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