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Abstract—In this work, we study the impact of channel fin 
width (Wfin) and fin height (Hfin) on III-V multiple-gate metal-
oxide-semiconductor field-effect transistors (MOSFETs). We 
numerically simulated the output and transfer characteristics 
and the short-channel effect (SCE) of 14-nm InGaAs triple-gate 
MOSFETs by using an experimentally validated simulation. The 
engineering findings of this study indicate that devices with Wfin 
= 10 nm and Hfin between 14 and 21 nm possess optimal 
characteristic owing to a tradeoff between the drain-induced 
barrier lowing and subthreshld property. The effects of channel 
resistance, effective width, and quantum confinement resulting 
from the Hfin-dependent small energy band gap channel film on 
device characteristic are further estimated and discussed.  

Keywords—III-V, InGaAs, multiple-gate, fin width (Wfin), fin 
height (Hfin), metal-oxide-semiconductor field-effect transistor 
(MOSFET), quantum confinement, short-channel effects (SCEs).  

I. INTRODUCTION 
Silicon-based MOS device has faced various challenges on 

such as material replacement, structure innovation, and process 
improvement. Diverse InGaAs MOSFET devices have drawn 
attention owing to fascinating device performance [1]. Such 
high electron mobility device is now considered as a promising 
candidate to replace silicon-based complementary metal oxide 
semiconductor (CMOS) devices at sub-14-nm nodes [2-4]. 
Among different channel films, InGaAs/InAlAs stacking layer 
is one of highly attractive III-V materials due to little lattice 
mismatch [5] and superior heterojunction transport property [6].  

Recent studies have focused on the interface engineering 
between high-κ dielectric and III-V channel to reduce the 
interface trap density (Dit), which is critical for realizing steep 
sub-threshold swing (SS) at off state as well as large current 
drive at on state [7]. To suppress the short channel effect, both 
the non-planar and ultra-thin body devices [8-10] have been 
reported for dimension scaling. Researches about channel films 
or source/drain layers deposition were studied [11,12]. 
However, optimal electrical characteristic of III-V devices has 
not been computationally investigated yet. Therefore, in this 
work, we study the DC characteristic of 14-nm-gate InGaAs 
tri-gate MOSFET devices with respect to different Wfin and Hfin 
of the device channel.  

II. THE COMPUTATIONAL DEVICE MODEL 
Figure 1(a) briefly lists the process simulation flow of the 

explored device. By following the process flow, we can form 
the proposed device structure. Figure 1(b) shows the entire 3D 
device structure, where the channel length (Lg), Wfin, and Hfin 
are marked on it, and Figs. 1(c)-(d) are the cross-sectional 
views along the cutting lines AA’ and BB’ in Fig. 1(b), 
respectively. The simulated device is numerically fabricated on 
silicon substrate. InP, In0.52Al0.48As buffer layer, In0.53Ga0.47As 
channel layer, and N+ doped InGaAs source/drain layer are 
sequentially grown on the substrate. All the layers are undoped 
except the source/drain, which is heavily doped with silicon as 
the n-type impurities. The adopted device structural parameters 
are listed in Table I, where Wfin varies from 7 to 14 nm and Hfin 
ranges from 7 to 35 nm. 

The DC characteristic of the explored device is simulated 
by solving a set of 3D density-gradient drift-diffusion equation 
numerically [13,14]. The band gaps of the relevant binary 
compounds are functions of temperature, as shown in 

 Eg(InAs) = 0.36 − 2.760 x 10-4 T2 / (T + 93) , (1) 

 Eg(GaAs) = 1.42 − 5.405 x 10-4 T2 / (T + 204) , (2) 

and the band gap of ternary compound depending on the 
composition fraction (x) is given by [15] 

 Eg(In1−xGaxAs) = 0.36 + 0.629x + 0.436x2 . (3) 

The traps placed at the high-κ gate oxide-InGaAs interface 
are distributed within a narrow gap near the conduction band 
edge. They are acceptor type and negatively charged when 
occupied, where the density of interface traps is 4x1011eV−1 
cm−2 [16]. The mobility of surface roughness scattering and the 
acoustic mobility due to acoustic phonon scattering are 
included by enhanced Lombardi model [17]. These mobility 
are then combined with material’s bulk mobility through the 
Matthiessen’s rule [18], 1/μ = 1/μb + D/μac + D/μsr, where D is 
used to describe the damping that switches off the inversion 
layer from the interface. The mobility degradation due to the  
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Fig. 1. (a) The summarized process simulation flow. We first simulate the 
device structure by running process simulation. (b) An illustration of 3D 
InGaAs tri-gate MOSFET. (c) Cross-sectional view of the device, along the 
cutting line AA’ in (b). (d) Cross-sectional view of the device, along the 
cutting line BB’ in (b). The Lg, Wfin, and Hfin are marked there 

TABLE I.  LIST OF STRUCTURAL AND PROCESS PARAMETERS 

Parameters Value 
Effective oxide thickness 0.52 (nm) 

Gate work function 4.76 (eV) 
In0.53Ga0.47As (S/D layer) 1x1019 (cm-3) 

In0.53Ga0.47As (channel layer) Undoped 
In0.52Al0.48As (buffer layer) Undoped 

InP Undoped 
Channel length (Lg) 14 (nm) 

Fin width (Wfin) 7, 10, and 14 (nm) 
Fin height (Hfin) 7, 14, 21, 28, and 35 (nm) 

 

high-field velocity saturation model [19] is further considered. 
To validate the accuracy of our device simulation, we first 
calibrate the 3D device simulation to the experimental data 
[16], as shown in Fig. 2. The channel length of  the calibrated 
device is 40 nm, which is relatively longer than this work. 

III. RESULT AND DISCUSSION 
Firstly, we fix the Hfin and examine the characteristic 

variation by changing Wfin. As shown in Fig. 3, the off-state 
electron density of the device channel increases with widening 
Wfin due to the smaller channel resistance. As Wfin widens, the  

 

Fig. 2. Plot of ID-VG curve. Our device simulation is first calibrated to the 
experimental data. The inset shows the device structure and parameters.  

 

Fig. 3. Off-state electron density of the device channel with the same Hfin = 
14 nm and Wfin = (a) 7 nm, (b) 10 nm, and (c) 14 nm. The Off-state electron 
density increases with widening Wfin due to the smaller channel resistance, 
where the resistance is reversely proportional to the cross-sectional area. 

cross-sectional area of the channel will increase. The cross-
sectional area is reversely proportional to resistance, as a result, 
the channel resistance decreases. ION and IOFF versus Wfin is 
plotted in Fig. 4, and both ION and IOFF increase when Wfin 
widens owing to the wide effective width (Weff) and decrease 
of resistance, where Weff is equal to Wfin + 2Hfin. The device 
current is proportional to Weff/Lg, consequently, ION increases 
with widening Wfin. However, the variation degree caused by 
changing Wfin for ION and IOFF are different, so the device with 
Wfin = 10 nm has the largest on-/off-state current ratio. 

To observe the variation of tuning Hfin, we plot the energy 
band diagrams of the off and on states from the insulator 
surface to the substrate, as shown in Fig. 5. The energy band 
gap of the In0.53Ga0.47As channel layer is smaller than that of 
the In0.52Al0.48As buffer layer, so the portion of low conduction 
band energy increases with heightening Hfin. For the off state, 
as shown in Fig. 5(a), device with short Hfin can confine more 
electrons than that with tall Hfin, which also means that carriers 
have the less leakage path to go through. For the on state, as 
shown in Fig. 5(b), the Fermi level is above conduction band, 
so the region between Fermi level and conduction band are 
filled with electrons. We can estimate the total electron 
concentration per unit volume in the conduction band by 
integrating the density of quantum states times the probability 
that a state is occupied by an electron over the conduction band 
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Fig. 4. Plot of ION (left Y axis) and IOFF (right Y axis) versus the Wfin with a 
fixed Hfin = 14 nm. Both ION and IOFF increase with widening Wfin due to the 
large effective width and the small channel resistance. The device with Wfin = 
10 nm has the largest on-/off-state current ratio. 

 

Fig. 5. (a) Off-state and (b) on-state energy band diagrams of the device with 
the same Wfin = 10 nm and Hfin = 7, 21, and 35 nm. As Hfin heightens, the 
portion of low conduction band energy increases. Device with short Hfin can 
confine more electrons, but device with tall Hfin can accommodate more 
electrons. 

energy. Hence, the device with tall Hfin can accommodate more 
electrons through the channel and have the larger electron 
concentrations. 

After that, we plot the ID-VG curves, as shown in Fig. 6, and 
both ION and IOFF decrease with shortening Hfin. The 
performance of transport current is not only governed by Weff 
and channel resistance but also the magnitude of quantum 
confinement resulting from the Hfin-dependent small energy  

 

Fig. 6. ID-VG curves of the device with Wfin = 10 nm and different Hfin. The 
left axis is in log scale, and the right axis is in linear scale. Both ION and IOFF 
decrease with shortening Hfin, and the reductions are getting considerable 
owing to the strong quantum confinement. 

TABLE II.  ELECTRICAL CHARACTERISTICS OF DEVICE WITH WFIN = 10 
NM AND VARIOUS VALUES OF HFIN. 

Hfin/Wfin ION (A/μm) IOFF (A/μm) ION/IOFF SS 
(mV/dec)

DIBL 
(mV/V)

35/10 3.70x10-4 2.61x10-10 1.41x106 71.54 41.33 
28/10 4.29x10-4 2.42x10-10 1.77x106 71.31 42.67 
21/10 4.98x10-4 1.88x10-10 2.64x106 70.03 46.67 
14/10 5.50x10-4 1.67x10-10 3.30x106 68.97 57.33 
07/10 7.04x10-4 1.38x10-10 5.10x106 70.76 73.33 

 
band gap channel films. The quantum confinement will 
become stronger when keeping shortening Hfin. Thus, the IOFF 
reduction with shortening Hfin is getting considerable. Because 
of the larger channel resistance, the shorter Weff, and the 
smaller region of low conduction band energy, ION also 
decreases with shortening Hfin. For the devices with Wfin = 10 
nm and the same calibrated threshold voltage (Vth) of 160 mV, 
the electrical characteristics with respect to various Hfin are 
listed in Table II, where ION and IOFF are normalized by their 
individual Weff.  

Device with short Hfin shows large current ratio, but the 
drain-induced barrier lowering (DIBL) is worse owing to the 
large difference of the conduction band energy between the 
device applying high and low drain bias voltage. DIBL is also 
known as surface punch-through. As drain voltage enhances, 
the lateral electric field increases resulting in increasing 
subthreshold current and decreasing Vth. By observing the 
current density of devices with Hfin= 7 and 35 nm at VG= 0.8 V 
and VD= 0.05 and 0.8 V, as show in Fig. 7, device with short 
Hfin has the large difference of current density. The magnitude 
of SS has no significant changes with Hfin variation. Thus, to 
design the device channel, we examine the DIBL and IOFF 
versus Hfin, as shown in Fig. 8. DIBL decreases with 
heightening Hfin; nevertheless, IOFF increases with heightening 
Hfin. There is a tradeoff between DIBL and IOFF; as a result, a 
proper value of Hfin, which is between 14 and 21 nm, can be 
found based on the results of device simulation. 
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Fig. 7. Normalized current densities of the device with Hfin = 7 and 35 nm at 
VG= 0.8 V and VD= 0.05 and 0.8 V. Device with Hfin = 7 nm has the large 
difference indicating that device will suffer the large DIBL effect. 

 

Fig. 8. Tradeoff plot of DIBL and IOFF versus Hfin with Wfin = 10 nm. DIBL 
decreases with heightening Hfin, but IOFF increases with heightening Hfin. As a 
result, an optimal value of Hfin between 14 to 21 nm can be found. 

IV. CONCLUSIONS 
In summary, we have studied the impact of Wfin and Hfin 

variation on 14-nm-gate InGaAs tri-gate MOSFET devices. 
The transport property is governed by Weff, channel resistance, 
and quantum confinement. Device with Wfin = 10 nm has the 
largest current ratio. The tradeoff plot of DIBL and IOFF 
indicates a proper region for selecting Hfin. To achieve the 
superior DC characteristic, the stronger quantum confinement, 
and the better suppression of SCEs, device with Wfin = 10 nm 
and Hfin between 14 and 21 nm could be adopted. We are 
currently study the effects of layer composition with the 
optimal settings of the device channel.  
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