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Abstract—Detailed comparisons of FinFETs with 
triangular and rectangular fins were performed using 
numerical simulations. Although, with the same leakage 
current (Ioff), the on current (Idsat) of the triangular fin is 
less than that of the rectangular one, the 3-stage ring 
oscillator (RO) with triangular fins runs faster than the 
one with rectangular fins and consumes less energy due to 
better short channel control and smaller parasitic 
capacitance. In addition, with the triangular shape, the two 
side-channel surfaces are no longer (110) and benefit from 
reduced negative bias temperature instability (NBTI). All 
these make the FinFET with a triangular fin a smart 
choice. 
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I.  INTRODUCTION  
As the CMOS technology advances to 22nm and below, the 

FinFET or Tri-Gate is chosen to replace conventional planar 
CMOS [1]. C. Auth et al. of Intel [1] revealed the TEM picture 
of their 22nm Tri-Gate PMOS with the fin shape close to 
triangle, as shown in Fig. 1, instead of rectangle as most of 
people are familiar with. This triangular-shaped FinFET has 
drawn a lot of attentions and discussions about its 
(dis)advantages and even feasibility. S. Maeda et al. [2] 
reported that, for a FinFET built on a (100) wafer with <110> 
channel direction, NBTI is worsened as compared with planar 
CMOS built on the same wafer with the same channel 
orientation due to higher interface trap density on (110) fin 
sidewall surfaces. With tilted sidewalls, i.e. triangular fin, the 
NBTI impact is alleviated. Recently, K. Xiu and P. Oldiges [3] 
reported that, with slightly tilted side walls, the electron 
mobility increases slightly while the hole mobility degrades. 

Synopsys has issued a simulation report [4] based on Intel’s 
triangular-shaped FinFET. Simulation results show that, with 
the same Ioff, the triangular fins provide 6% and 9% less Idsat of 
NMOS and PMOS, respectively, than the rectangular ones. 
However, the triangular fin has better short channel control, 
i.e., smaller drain-induced barrier lowering (DIBL) and sub-
threshold swing (SS). 

Based on the previous Synopsys report [4], this study 
extends the investigation on other aspects of the FinFET, 
including the effective drive current (Ieff) [5], parasitic 
capacitance, and delay time of 3-stage RO, to evaluate the 
impact of fin shape on the AC performance of FinFET in 
details. The SWB template and calibrated SProcess and 
SDevice models and parameters by Synopsys in this 
application note [4] were also used. Mixed-mode simulations 
[6] for 3-stage RO were done using a 25600-core super 
computer at 177 TFLOPS [7]. 

 

 

Figure 1.  TEM of the FinFET with a triangular fin [1]. 

II. DEVICE AND MIXED-MODE RING OSCILLATOR 
SIMULATIONS 

A. Device Structure and Electrical Characteristics 
Figure 2 shows the FinFET structures explored in this 

work: (a) rectangular (Wtop=15nm) and (b) triangular 
(Wtop=5nm) fins. Detailed contact (backend) structure was also 
included as shown in Fig. 3. Table I lists the key dimensions of 
the FinFET used in the simulations.  Figure 4 shows ID-VG 
characteristics of NMOS and PMOS. The triangular fins give 
6% and 9% less Idsat for NMOS and PMOS, respectively, than 
the rectangular fins. However, the triangular fins show better 
short channel control, i.e. smaller SS and DIBL, which reduces 
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the difference in Ieff (=(IH+IL)/2) [5], as shown in Fig. 5, and 
results in a direct impact on the inverter delay. Due to smaller 
SS, the triangular fins give higher IL than the rectangular fins, 
thereby reducing the Ieff difference to 0.1% and 5% for NMOS 
and PMOS, respectively. Figure 6 is the summary of the 
comparison. 

 

 

Figure 2.  2D cross-sectional views of the FinFETs with (a) 
rectangular fin and (b) triangular fin used in this study [4]. 

 

 

Figure 3.  3D views of the FinFET including backend process 
used in simulations [4]: (a) full structure and (b) removing 
ILD and CESL. 

TABLE I.  KEY DIMENSIONS OF FINFETS DEFINED IN 
SIMULATIONS. 

Key Dimensions 
Lg 25nm 
Wtop 5nm, 15nm 
Wbottom 15nm 
Hfin 35nm 
EOT 0.9nm 
Fin Pitch 60nm 

 

 

Figure 4.  Predicted ID-VG characteristics of NMOS and 
PMOS with different fin structures (VD = 0.05V and VD  = 
0.8V). 

 

Figure 5.  Predicted IH and IL for Ieff evaluation. (VG = 0.4V 
and 0.8V for IL and IH, respectively) 

 

Figure 6.  Drain current, Idsat and Ieff, comparison chart for 
NMOS and PMOS with different fin structures. 
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B. Capacitance Evaluation and Ring Oscillator Simulations 
The gate capacitance (Cgg) of the FinFET was extracted and 

the results are shown in Fig. 7. Due to the 3D fin shape, the 
triangular fins give 7% and 4% less Cgg of NMOS and PMOS, 
respectively, than the rectangular ones. Although Cgg does not 
affect the DC performance significantly [8], it has a direct 
impact on the AC performance as well as the speed of the 
circuits. Sentaurus Device mixed-mode simulations [6] were 
used to simulate the 3-stage RO to assess the speed. Fig. 8 
shows the schematics of the inverter and 3-stage ring oscillator. 
Since the full device structure including contacts was used in 
the SDevice mixed-mode simulations [6], the impact from the 
parasitic capacitance can be evaluated more accurately. The 
simulated node outputs of the RO are given in Fig. 9 and delay 
time comparison is shown in Fig. 10, where the rise time tr and 
fall time tf were extracted at Vout=1/2VDD and the delay time td 
was defined as td=(tr+tf)/2. As can be seen, the triangular fin 
shows a 3% less td than that of the rectangular case due to 
smaller Cgg. As the supply voltage VDD scales, the speed 
advantage of triangular fin becomes more prominent as shown 
in Fig. 11. For power evaluation, the switching energy (SE) is 
also evaluated using the definition in [8], 

Switching Energy   ⋅=
T

DDDD dtIVSE
0

               (1) 

where T is a cycle time or period, and the simulation result is 
given in Fig. 12. Fig. 12 shows SE vs. VDD. Similar to td, as 
VDD scales, the SE difference between the two fins becomes 
larger but not as much as td. From these results, we conclude 
that the triangular fin benefits from better short channel control 
and smaller gate capacitance Cgg, resulting in smaller RO delay 
and switching energy. As VDD scales, this advantage becomes 
more prominent. 

 

 

Figure 7.  Gate capacitance comparison for NMOS and PMOS. 
The curve shows the triangular gate capacitance lowering with 
respect to the rectangular counterpart. 

 

 

Figure 8.  Schematics of the inverter and 3-stage ring 
oscillator used in Sentaurus Device mixed-mode simulations 
[6]. 

 

Figure 9.  Simulated node outputs of 3-stage RO shown in Fig. 
8. 

 

Figure 10.  Predicted rise times (tr), fall times (tf) and average 
delays (td). The curve shows the delay improvement from the 
triangular fin with respect to the rectangular counterpart. 
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Figure 11.  Predicted delay time vs. VDD. The green curve 
with solid triangles shows the delay improvement from the 
triangular fin with respect to the rectangular counterpart. 

 

 

Figure 12.  Predicted switching energy vs. VDD. The green 
curve with solid triangles shows the energy reduction from the 
triangular fin with respect to the rectangular counterpart. 

III. CONCLUSION 
The FinFET with rectangular fin has a higher on current 

than triangular fin. However, the triangular fin shows better 
short channel control and smaller gate capacitance, resulting in 
smaller RO delay and switching energy consumption. As the 
supply voltage scales, these advantages become more 
prominent. 

 

 

 

TABLE II.  ADVANTAGES OF THE FINFET DESIGN WITH 
TRIANGULAR FIN AS COMPARED WITH RECTANGULAR ONE. 

Advantages of Triangular Fin 
Channel length Lg 25nm 
Short Channel Control Better 
Gate capacitance Cgg 
reduction 

7% (NMOS) 
4% (PMOS) 

Delay time td reduction 
@ VDD=0.8V 

3% 

Delay time td reduction 
@ VDD=0.6V 

11% 

Switching energy SE 
reduction @ VDD=0.8V 

5% 

Switching energy SE 
reduction @ VDD=0.6V 

6% 

 
 

REFERENCES 
[1] C. Auth et al., "A 22nm high performance and low-power 

CMOS technology featuring fully-depleted tri-gate transistors, 
self-aligned contacts and high density MIM capacitors," Proc. 
2012 Symposium on VLSI Technology (VLSIT), pp.131-132, 12-
14 June 2012.. 

[2] S. Maeda et al., "Negative bias temperature instability in triple 
gate transistors," Proc. 2004 IEEE International Reliability 
Physics Symposium, pp.8-12, 25-29 April 2004. 

[3] K. Xiu and P. Oldiges, “Simulation of phonon-induced mobility 
under arbitrary stress, wafer and channel orientations and its 
application to FinFET technology,” Proc. 2012 International 
Conference on Simulation of Semiconductor Processes and 
Devices (SISPAD), pp.408-411, 5-7 Sept. 2012. 

[4] Synopsys application note “Three-dimensional Simulation of 20 
nm FinFETs with Round Fin Corners and Tapered Fin Shape” of 
TCAD Sentaurus, 2012. 

[5] M.-H Na, E. J. Nowak, W. Haensch, and J. Cai, J, "The effective 
drive current in CMOS inverters," Tech Dig. 2002 International 
Electron Devices Meeting, pp.121-124, 8-11 Dec. 2002. 

[6] Sentaurus Device User Guide, Version G-2012.06. 
[7] Advanced Large-scale Parallel Supercluster (ALPS) of National 

Center for High-Performance Computing, Hsinchu, Taiwan. 
[8] K. Wu, A. Sachid, F.-L. Yang, and C. Hu, “Toward 44% 

Switching Energy Reduction for FinFETs with Vacuum Gate 
Spacer,” Proc. 2012 International Conference on Simulation of 
Semiconductor Processes and Devices (SISPAD), pp.253-256, 
5-7 Sept. 2012. 

146




