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Abstract—This paper describes the physics and basic 
properties of junctionless transistors. These FETs are less 
subject to short-channel effects than devices with junctions, 
including excellent subthreshold slope and DIBL. 
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I.  INTRODUCTION 
The junctionless transistor (JLT) is a multigate FET 

with no PN nor N+N or P+P junctions. The device is 
basically a resistor in which the mobile carrier density can 
be modulated by the gate. In the on state there is a large 
body current due to the relatively high doping 
concentration in the channel region, to which surface 
assumulation current can be added. In the off state the 
channel is turned off by depletion of carriers due to the 
difference in workfunction between the semiconductor and 
the gate material. The doping in the JLT needs to be high 
in order to achieve suitable current drive, and the cross 
section of the devices needs to be small enough in order to 
be able to turn the device off. Both n-channel and p-
channel silicon JLTs have been demonstrated, using both 
polysilicon and midgap gate materials. Polysilicon, 
germanium, Indium-Tin-Oxide and GaAs JLTs have been 
demonstrated as well. 

II. COMPARISON WITH STANDARD FETS 
Junctionless trasnsistors have electrical characteristics 

very similar to those of standard multigate FETs. Both 
output characteristic and subthreshold characteristics 
resemble those of inversion-mode devices. The JLT is a 
close cousin of the accumulation-mode FET.  

A. Current drive and mobility 
Fig. 1 shows the different conduction mechanisms in 

inversion-mode (IM), accumulation-mode (AM) and JLT 
devices. Conduction in the bulk of the AM device is 
negligible compared to accumulation surface conduction. 

 
Figure 1: Conduction mechanisms in A: inversion-mode; B: 
accumulation-mode and C: junctionless FETs.  

In the JLT bulk conduction is much larger and can account 
for up to 100% of the drain current. A simple but useful 

physically-based model that encompasses both bulk and 
accumulation currents in a JLT can be found in Table 1.  
TABLE 1: Expressions for the drain current in a JLT [1]. 

Bias Drain current 

VGS>Vpo   
VGS<VFB   
VDS<VDSat1 

஽ܫ ൌ ௕ߤݍ ஽ܰܮ௘௙௙௕ ൭ 1݊ ൅ 1 ܵ௠௔௫ െ ܵ௠௜௡൫ ிܸ஻ െ ௣ܸ௢൯௡ ቀ൫ܸீ ௌ െ ௣ܸ௢൯௡ାଵെ ൫ܸீ ௌ െ ஽ܸௌ െ ௣ܸ௢൯௡ାଵ൯൅ ܵ௠௜௡ ஽ܸௌቇ 

VGS>Vpo   
VGS<VFB   
VDS>VDSat1 

஽ܫ ൌ ௕ߤݍ ஽ܰܮ௘௙௙௕ ൭ 1݊ ൅ 1 ܵ௠௔௫ െ ܵ௠௜௡൫ ிܸ஻ െ ௣ܸ௢൯௡ ൫ܸீ ௌ െ ௣ܸ௢൯௡ାଵ൅ ܵ௠௜௡ ஽ܸௌቇ 

VGS>VFB   
VDS<VDSat2 

஽ܫ ൌ ௕ߤݍ ஽ܰܮ௘௙௙௕ ܵ௠௔௫ܥ௢௫ ൅ ௢௫ܥ௔௖௖ߤ ௘ܹ௙௙ܮ௘௙௙௔௖௖ ൬ ஽ܸௌሺܸீ ௌ െ ிܸ஻ሻെ 12 ஽ܸௌଶ ൰ 

VGS>VFB   
VDS<VDSat1   
VDS>VDSat2 

 

஽ൌܫ ௕ߤݍ ஽ܰܮ௘௙௙௕ ൮ሺܵ௠௔௫ െ ܵ௠௜௡ሻሺܸீ ௌ െ ிܸ஻ሻ ൅ ܵ௠௜௡ ஽ܸௌ
൅ ܵ௠௔௫ െ ܵ௠௜௡݊ ൅ 1 ቀ൫ ிܸ஻ െ ௣ܸ௢൯௡ାଵ െ ൫ܸீ ௌ െ ஽ܸௌ െ ௣ܸ௢൯௡ାଵ൫ ிܸ஻ െ ௣ܸ௢൯௡൅ ௢௫ܥ௔௖௖ߤ12 ௘ܹ௙௙ܮ௘௙௙௔௖௖ ሺܸீ ௌ െ ிܸ஻ሻଶ 

VGS>VFB   
VDS>VDSat1  

 

஽ܫ ൌ ௕ߤݍ ஽ܰܮ௘௙௙௕ ቆܵ௠௔௫ሺܸீ ௌ െ ிܸ஻ሻ൅ ܵ௠௔௫ ൅ ݊ܵ௠௜௡݊ ൅ 1 ൫ ிܸ஻ െ ௣ܸ௢൯ቇ൅ ௢௫ܥ௔௖௖ߤ12 ௘ܹ௙௙ܮ௘௙௙௔௖௖ ሺܸீ ௌ െ ிܸ஻ሻଶ 
TABLE 2: Detail of symbols used in Table 1 [1]. 
Symbol Value 

Vpo0 Linear pinch-off voltage at VD=0V 
Vpo Pinch-off voltage  Vpo = Vpo0 - ηVDS 
η DIBL coefficient 

Weff Channel perimeter 
S Neutral (non-depleted) cross section of the 

channel; S=Smin when the surface is inverted 
and S=Smax when the surface is accumulated 

VDSat1 Drain saturation voltage for the neutral bulk 
channel  ஽ܸௌ௔௧ଵୀ ௏ಸೄି௏೛೚బଵିఎ  

VDSat2 Drain saturation voltage for the accumulation 
channel   VDSat2 = VGS-VFB 

Leffacc, 
Leffb 

Effective length of the accumulation channel 
and the neutral bulk channel 

μacc, μb Accumulation and bulk mobilities 



 

 

While the bulk mobility for electrons is low (≈60-80 
cm2V-1s-1) in heavily-doped (1019cm-3) silicon, mobility 
increases with applied gate voltage [2] and higher than 
bulk values are frequently being reported for JLTs 
operating in moderate accumulation [3]. This effect may 
be due to the screening of ionized impurities by the 
accumulation electrons, which reduces Coulomb scattering 
and increases mobility [4-6]. Figure 2 shows the mobility 
measured by the CV-split technique in long-channel planar 
and nanowire JLTs with ND≈5·1018/cm3. VTH is the bulk 
channel threshold voltage and VFB is approximately 0.4V 
higher than VTH. Mobility increases with carrier 
concentration in all devices, including planar JLTs, but the 
increase is faster in narrow devices where higher 
concentration of mobile carriers can be obtained, which 
increases the screening effect. 

 
Figure 2: Effective electron mobility vs. gate voltage overdrive extracted 
for planar and nanowire JLTs with different fin widths. Inset shows this 
mobility improvement factor in a NW device with Wf=20 nm over the 
planar device. Tsi=10nm and EOT=1.2nm. 

B. Short-channel effects 
In an IM FET the source and drain have some overlap with 
the gate, and the lateral extension of the S/D depletion 
charges in the channel region are causing short-channel 
effects such as DIBL and degraded subthreshold slope. 
These are absent in a JLT.  

 
Figure 3: Illustration of SCE origin in junctioned and junctionless 
transistors. 

In the off mode, the effective distance between the source 
and drain “junctions” is longer than the physical gate 
length (i.e. the channel depletion extends into the source 
and drain), unlike in a junctioned device with some S/D 
overlap with the gate (Figure 3).  Further improvement of 
the short-channel effects can be obtained by increasing the 
extension of the gate control deeper in the source and drain 
regions using high-κ spacers. Table 3 compares the short-
channel effects in IM and JLT nanowire devices with 

L=20nm, EOT=5nm, Tsi=20nm and Wsi=10nm. 

TABLE 3: Comparison between inversion-mode and junctionless silicon 
transistors [7]. 

Inversion mode Junctionless 
Subthreshold slope 75 mV/decade 92 mV/decade 
DIBL 10 mV/V 78 mV/V 
ION  1000 μA/μm 1000 μA/μm 
ION/IOFF 5×106 5×106 

III. BEYOND SILICON 
The JLT architecture is very simple and the elimination of 
junctions greatly simplifies processing, especially in non-
silicon materials. Junctionless transistors have been 
demonstrated in polysilicon, germanium, GaAs and 
indium-tin-oxide (ITO) [9-12]. In polysilicon, the use of a 
heavily-doped channel decreases grain boundary potential 
barriers, which greatly improves current drive [9]. 
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