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Abstract 

The performance of 10-nm double gate nMOSFETs 

with Si, In0.53Ga0.47As and GaSb are compared by using a 

deterministic Boltzmann transport equation (BTE) solver. 

The results show that the GaSb device exhibits the highest 

on-current while In0.53Ga0.47As device has the highest injec-

tion velocity and ballistic ratio but suffers from the density 

of state (DoS) bottle neck seriously.  

1. Introduction 

III-V material is becoming a strong candidate to substitute 

Si for devices of next generation [1] due to its high mobility [2]. 

However, the advantage may be compensated by its small DoS 

[3]. Recent works show that GaSb devices with a surface ori-

entation of (111) can get relatively higher DoS without a big 

degradation of injection velocity [4]. Many comparison works 

have done among various III-V material and Si devices [5, 6] 

but some details during the carrier transport are still unclear. In 

this work 10-nm double gate devices made of Si, InGaAs and 

GaSb are compared by deterministically solving time depend-

ent BTE. 

2. Simulation method and device structure 

A deterministic BTE solver [7-9] is employed in this work. 

The time dependent BTE is solved by a positive and flux con-

servative (PFC) method [7]. Besides, a self-consistent Schrö-

dinger-Poisson iteration is involved to consider the quantum 

confinement.  

10-nm double gate nMOSFETs (shown in Fig. 1) with Si, 

InGaAs and GaSb are compared in this paper. The Si and In-

GaAs devices have the surface orientation of (100) while the 

GaSb device is with the (111) surface orientation because the 

(111) GaSb device exhibits better performance [5]. Structure 

parameters of devices made of different material are set mainly 

according to ITRS2013[10] and listed in Table I. 

We have involved the intra-valley acoustic (AP) and optical 

phonon (OP) scattering, inter-valley optical phonon scattering 

(f-type, g-type for Si and Γ-L, L-L for III-V material), and sur-

face roughness scattering (SR). For III-V devices, the polar 

optical phonon scattering (POP) is also considered. The band 

and scattering parameters are extracted from [11-14]. Besides, 

the Pauli’s exclusion principle is also involved.  
3. Results and discussions 

   The ID-VG curves of the simulated devices are shown in Fig. 

2. The off-current is tuned to be 10-3A/cm by shifting the work 

function. The GaSb device shows the highest on current. While 

a better SS of 63mV/dec is exhibited by Si devices because of 

its thinner body and smaller dielectric constant [6]. The SS of 

InGaAs and GaSb devices are 68mV/dec and 65mV/dec, re-

spectively. 

Fig. 3 shows the subband profiles of 3 types of devices. We 

have considered 4 groups of 2-fold degenerate unprimed sub-

bands and the lowest 4-fold primed subbands for Si. As for 

InGaAs, the lowest subband of Γ valley and 2 groups of 4-fold 

degenerate subband of L valleys are involved. While for the 

GaSb devices with (111) surface orientation, one of the origi-

nal 4-fold degenerate L valleys, which is projected to the Γ 

point after the confinement, become different with other 3 val-

leys. In such a circumstance we have considered 7 subbands of 

the non-degenerate L valley and 2 subbands for the 3-fold L 

valleys. By contrast we can see that the subbands of InGaAs 

have to be lower than other cases to get enough electrons due 

to its smaller DoS, which made the device suffer from the DoS 

bottle neck seriously. We have calculated the quantum capaci-

tance (CQ=∂qN/∂(-Uscf /q)) [15] of all kinds of devices and il-

lustrated in Fig. 4. Si and GaSb devices have a much higher 

quantum capacitance than Cox (0.0345 F/m2). However, the CQ 

of the InGaAs device is only 1.86 times of Cox, which degraded 

the gate capacitance (CG) significantly. 

 Fig. 5 shows the carrier density and injection velocity at the 

virtual source [16]. Despite the InGaAs device shows the low-

est carrier density due to the DoS bottle neck, the injection 

velocity is as big as 6×107 cm/s, which is the highest among 

the simulated devices because more than 90% of the carriers 

populate in the subband with a much smaller transport effec-

tive mass (m*=0.048m0), as shown in Fig. 6. 

The scattering spectrum is shown in Fig. 7. The scattering 

rate of III-V material is much smaller than Si. Especially for 

InGaAs, the scattering rate is almost 2 orders smaller than Si in 

low kinetic energy region. The electron’s kinetic energy dis-

tribution is illustrated in Fig. 8. At source and the virtual 

source, the electrons are within equilibrium state and acceler-

ated to much higher energy state after the transport process. 

However, the energy dissipation during the transport is differ-

ent. The magnitude of energy dissipation for Si is the biggest 

due to its larger scattering rate. While for InGaAs, almost no 

dissipation can be observed. Fig. 9 shows the currents under 

ballistic and scattering conditions and the ballistic ratio 

(B=Iscat/Iball) is also calculated. The ballistic ratio of InGaAs is 

94.7%, indicating that the carriers transport through the chan-

nel almost in a ballistic fashion. While for Si, the ballistic ratio 

is much lower due to the stronger scattering mechanisms. 

4. Conclusions 

   We have compared the performance of 10-nm (100) Si, 

(100) In0.53Ga0.47As and (111) GaSb double gate nMOSFETs. 

It shows that the GaSb device exhibits the best drive current 

and device made of InGaAs shows the highest injection veloc-

ity and ballistic ratio but suffers from the DoS bottle neck more 

seriously.   
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Fig. 1. The schematic structure of the simu-

lated double gate devices. 
Fig. 2. The ID-VG curves of the simulated 

devices with VD=0.6V. 

 
Fig. 4. Quantum capacitance versus gate 

voltage. 

 
Fig. 3. The subband profiles of devices made of various material. 

Fig. 6. The ratio of electrons in subbands with different transport effec-

tive masses at the virtual source. 

 
Fig. 5. (a) Carrier density and (b) injection velocity versus gate 

voltage at the virtual source with VD=0.6V. 

 
Fig. 7. Electron scattering spectrums of devices made of various 

material. 

 
Fig. 8. Kinetic energy distribution at source, virtual source and drain. 

 

TABLE I 

Structure parameters 

Parameters Si InGaAs GaSb 

Surface orientation (100) (100) (111) 

Channel length 10nm 10nm 10nm 

S/D length 10nm 10nm 10nm 

EOT 1nm 1nm 1nm 

Film thickness 3nm 5nm 5nm 

Channel doping 1017cm-3 1017cm-3 1017cm-3 

S/D doping 1020cm-3 5×1019cm-3 5×1019cm-3 
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Fig. 9. Compar-

ison of currents 

w/wo scattering. 

The ballistic 

ratio B is also 

calculated. 
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