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Abstract—The influence of source/drain (S/D) parasitic resistance in ultrathin body (UTB) 

III-V channel metal-oxide-semiconductor field-effect transistor (MOSFET) was investigated 

based on Monte Carlo simulation. We found that heavily doped S/D improves source starvation 

and suppresses carrier’s backscattering from drain to channel, owing to increased 

electron-electron scattering. As a result, the heavily doped S/D was shown to be effective to 

enhance the current drive and transconductance of UTB III-V channel MOSFET. In addition, 

we demonstrated that the heavily doped S/D has the advantage to provide unsaturated drain 

current characteristics. 
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III-V compound semiconductors are promising candidates for channel materials in future 

high-performance metal-oxide-semiconductor field-effect transistors (MOSFETs), because 

they have higher electron mobility and lower effective mass than Si. Recently, the high 

performance of InGaAs MOSFETs with high-k gate dielectrics fabricated by atomic layer 

deposition (ALD) has been demonstrated [1-4]. On the other hand, due to the low dopant 

solubility inherent to III-V materials, reducing source/drain (S/D) parasitic resistance RSD is 

recognized as one of the most critical and difficult challenges to realize high current drivability, 

particularly under the quasi-ballistic transport [5,6]. Thus, the use of self-aligned metal S/D [7] 

and regrown S/D structures [8] is a promising way to overcome this limitation. 

According to previous simulation studies [5,6], the source doping concentration NSD is 

required to be around 1020 cm-3 for high injection current without source starvation in III-V 

MOSFETs. However, the maximum doping concentration with ion implantation is around 1019 

cm-3 in InGaAs [9]; therefore, the reduction in RSD due to alternative approaches, such as raised 

S/D and thicker channel, is one of the candidates [5]. In this paper, to clarify the roles of S/D 

doping concentration and its related electron-electron scattering, we perform electron transport 

simulation in III-V MOSFETs with different levels of S/D doping concentration by considering 

plasmon scattering. Then, their relevance to the source starvation and the device performance is 

discussed. 

Since ultrathin body (UTB) III-V channel on Si platform is desirable for future MOSFETs, 

we adopted UTB III-V-on-insulator MOSFETs as shown in Fig. 1. The channel of 30 nm length 

is assumed to be intrinsic, and both the channel and S/D electrodes are composed of InP with 

thickness of 5 nm. For InP, the high doping concentration up to 1020 cm-3 has been reported to 

be possible [10,11]. Hence, we considered two different doping concentrations in the S/D 

electrodes of NSD = 2 × 1019 cm-3 and 1 × 1020 cm-3. The former is called normally doped SD and 

the latter heavily doped SD. The gate and buried oxides are SiO2. A thicker channel is not 

considered in this study, because it will not be suitable for ultrashort-channel MOSFETs. 

The electrical characteristics were computed by using a quantum-corrected Monte Carlo 

(MC) device simulator developed in our laboratory [12,13]. The quantum-corrected MC 

simulation is a suitable tool for the present objective, because it has been proven to be adequate 

to describe quantization effects in the direction normal to the transport direction [12,13]. We 

simulated electron transport in Γ and L valleys of InP, where the energy difference between 

them, ΔEΓL, was taken as 0.832 eV [6]. We considered phonon and impurity scatterings, while 

roughness scattering is ignored to directly characterize the influence of RSD. Furthermore, to 

investigate the role of electron-electron scattering in the S/D electrode, plasmon scattering was 
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taken into account in the S/D regions, where a plasmon scattering rate for three-dimensional 

electron gas was used [13,14]. For impurity scattering, we considered Fermi–Dirac statistics to 

calculate the screening length [6,15]. Here, note that the plasmon scattering rate and the 

impurity scattering rate depend on carrier concentration and/or S/D doping concentration. In 

other words, these two scattering processes make greater influence on electron transport as the 

S/D doping concentration increases. Therefore, the source starvation resulting from ballistic 

transport may be eliminated by increasing S/D doping concentration. The present simulation 

will demonstrate how plasmon scattering and impurity scattering are responsible for improving 

the source starvation problem.  

First, we computed the drain current versus gate voltage (ID - VG) characteristics and the 

transconductance versus gate voltage (gm - VG) characteristics as shown in Fig. 2, where (a) and 

(b) represent the results without and with plasmon scattering in the S/D regions, respectively. 

The drain voltage is given as 0.5 V and the threshold voltage Vth is all set at 0.3 V. It is found 

that in the presence or absence of plasmon scattering, the drain current and transconductance 

increase by employing the heavily doped SD. This means that the reduction in RSD due to the 

heavy doping prevails over the co-occurring scattering increment. Here, we point out that the 

normally doped SD MOSFET indicates pronounced saturation behavior in the ID - VG 

characteristics. This is due to relatively small Fermi energy in the normally doped source, not 

due to the electron transfer to L valleys with heavier transport mass. In other words, as shown in 

Fig. 3, the normally doped source has smaller Fermi energy and thus promptly reaches 

saturation in source-injected electrons with a small gate bias swing. On the other hand, the 

heavily doped source with larger Fermi energy continues to supply electrons until the 

bottleneck potential drops below the source potential. In this regard, the heavily doped SD has 

the advantage to provide a wide gate bias range of operation with higher transconductance. 

Next, we discuss the influence of plasmon scattering in detail. By comparing Figs. 2(a) and 

2(b), the drain current and transconductance significantly degrade for both doping 

concentrations due to the plasmon scattering. To explain such performance degradation, the 

averaged electron velocity and the sheet electron density profiles are plotted in Fig. 4, where VG 

- Vth = 0.4 V. First of all, it is found that the source starvation is mitigated in the heavily doped 

SD with plasmon scattering as shown in Fig. 4(b). This means that the source starvation is not 

improved by the enhanced impurity scattering, but by the enhanced plasmon scattering due to 

the heavy doping. Namely, in the heavily doped SD, the plasmon quantum energy is about 0.37 

eV and thus electrons lose sufficient amount of energy to restore a thermal equilibrium state 

due to plasmon emission processes. On the other hand, in the normally doped SD, the plasmon 
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quantum energy reduces to about 0.16 eV, and since this is not sufficient to restore the thermal 

equilibrium state, the source starvation still remains in the normally doped SD even if the 

plasmon scattering processes are considered. 

As for the averaged electron velocity, it is found to decrease in the S/D regions due to the 

plasmon scattering, by comparing the profiles between Figs. 4(a) and 4(b). Further, by closely 

looking at the channel region, we notice that the averaged velocity in the heavily doped SD 

slightly increases by considering the plasmon scattering. This is due to the fact that electrons 

after suffering plasmon emission processes in the heavily doped drain have less chance to go 

back to the channel, because they lose a large kinetic energy of ~ 0.37 eV. Through these effects 

by increased plasmon scattering, which are the suppression of backscattered electrons into the 

channel and the improvement of the source starvation, the heavily doped SD MOSFET still 

exhibits superior device performances over the normally doped SD MOSFET, as shown in Fig. 

2(b). 

In conclusion, we have investigated the roles of S/D doping concentration and its 

electron-electron scattering in UTB III-V channel MOSFETs based on the Monte Carlo 

simulation. We found that the heavily doped SD not only reduces parasitic resistance, but also 

improves source starvation and suppresses carrier’s backscattering from drain to channel owing 

to increased plasmon scattering. As a result, heavily doped SD is effective to enhance the 

current drive and transconductance even when plasmon scattering happens in the S/D regions. 

Another advantage of heavily doped SD, that is, unsaturated ID - VG and gm - VG characteristics, 

was also demonstrated. 
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FIGURE CAPTIONS 

 

Fig. 1. UTB III-V-on-insulator MOSFETs with two different S/D doping concentrations are 

considered: NSD = 2 × 1019 cm-3 and 1 × 1020 cm-3. The former is called normally doped 

SD and the latter heavily doped SD. The channel of 30 nm length is assumed to be 

intrinsic, and both the channel and SD electrodes are composed of InP with thickness of 5 

nm. 

 

Fig. 2. ID - VG and gm - VG characteristics computed for the two S/D doping concentrations, 

where (a) and (b) represent the results without and with plasmon scattering in the S/D 

regions, respectively. VD = 0.5 V and Vth = 0.3 V. Lch = 30 nm. 

 

Fig. 3. Schematic diagrams representing variations in potential distribution along channel 

direction due to gate bias swing, where (a) and (b) represent normally doped and heavily 

doped SD electrodes, respectively. Actual values of the source Fermi energy are 

indicated. 

 

Fig. 4. Averaged electron velocity and sheet electron density profiles computed for the two S/D 

doping concentrations, where (a) and (b) represent the results without and with plasmon 

scattering in the S/D regions, respectively. VG - Vth = 0.4 V and VD = 0.5 V. The arrows in 

the right figures represent the degrees of source starvation (source-electron deficiency). 
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    FIGURE 3 
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    FIGURE 4 
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