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Abstract—The optimization and comparison of structure 
of double-gate MOSFETs and gate-all-around (GAA) 
MOSFETs was carried out. The fin width to gate length ratio 
and SCE (short channel effects) were discussed and studied. 
The 3-D simulations affirmed that while gate length was same 
as fin width, the short channel effects were inhibited. The ratio 
of the fin width to the gate length was maximized up to 1.2 in 
cylindrical channel GAA MOSFETs as compared to cubical 
channel ones.
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I.  Introduction
In CMOS for the sub-50-nm regime, Double-Gate 

(DG) MOSFETs, owing to good short-channel-effect (SCE) 
immunity and high transconductance, have been regard as 
most optimistic choice [1]. The ratio of fin width to the 
gate length is considered to be crucial design parameters, 
in order to have better DIBL (drain-induced barrier lowing) 
and SS (sub threshold swing) [2]. For proper inhibition of 
SCEs, fin width found to be 0.7 times less than the gate 
length [3]. Hence, fin width being the most crucial factor 
in determining the critical dimension, stands as a hindrance 
to aggressive scaling. The gate electrodes and the gate 
oxide envelop around the channel region in GAA (Gate 
All Around) MOSFETs. Fin width to the gate length ratio 
is increased while using GAA MOSFETs. Since the gate 
length is smaller than fin width, the SCEs are sufficiently 
minimized, if the design variable of GAA MOSFETs are 
optimized. In this work, double gate MOSFET and Gate All 
Around MOSFETs were quantitatively investigated by ratio 
of fin width to the gate length optimely. Initially, 30-nm DG 
and GAA MOSFET structures are introduced [4]. 

Multiple gate lengths, gate-oxide thickness, fin heights 
and fin widths were used to perform three dimensional 
simulations for DG and GAA MOSFETs to analyze short 
channel effects. Based on the results, the design optimization 
of GAA MOSFET was focused and was established that 
the GAA MOSFETs were optimized with cubical channel 
where all three parameters fin width, fin height and gate 
length were all equal [12-14].

II.  Different Gate Structures
Short-channel effects appear when gate control is 

affected by electric field lines between drain and source 

[5]. Increasing the doping concentrations of the channel can 
minimize the effects of electric field lines that propagate 
through depletion regions, in a bulk device (figure 3A). 
However, as a result of large doping concentrations the proper 
functioning of small devices is hindered. Before reaching the 
channel majority of electric field lines, in FDSOI devices, 
go through buried oxide layer (Fig. 3B). By using thin BOX 
and ground plane under it, SCEs in FDSOI MOSFETs can 
be minimized (figure 3C). Increased junction capacitance 
and increased body effect, are the major drawbacks of the 
approach [6-10]. The electric field lines terminate at the 
bottom gate electrode in a double gate structure; hence a 
greater competent device structure is achieved. Figure 1 
shown the different Gate structures. Equations 1 to 4 indicate 
DIBL and short channel effects in FDSOI and double gate.

FDSOI Drain Induced Barrier Lowering = 
0.80[εsi/εox {(1+tsi

2/Lel
2)tox/Lel(tsi +λtBOX/Lel)}VDS]             (1)

FDSOI Short Channel Effects =
0.64[εsi/εox (1+tsi

2/4Lel
2)tox/Lel{(tsi +λtBOX/Lel)}Vbi]	     (2)

DG Drain Induced Barrier Lowering = 
0.80[εsi/εox {(1+tsi

2/Lel
2)tox/Lel(tsi/2Lel)}VDS]	 (3)

DG Short Channel Effects =
0.64[εsi/εox {(1+tsi

2/Lel
2)tox/Lel(tsi/2Lel)}Vbi]	 (4)

Fig. 1: Different Gate Structures
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III.  Result and Discussion
A.		 Optimization of GAA MOSFETs

Simulations for various gate-oxide- thickness and Fin 
height splits were conducted to optimize GAA MOSFETs’ 
design parameters and reduce short-channel. Simulations 
were performed for1.5, 2, 2.5, and 3 nm gate-oxide 
thicknesses in the beginning. 

It was observed that in both the devices, with reduction 
in the gate-oxide thickness DIBL gradually decreased. 
Taking into account the obstacles, the optimal gate-oxide 
thickness is set to 2 nm in the fabrication process. Even 
for the 30 nm Fin width, in case of gate oxide thickness 
of 2-nm, the DIBL stayed below 115 mV/V, as shown in 
Fig. 5. an additional notable thing in fig 6 was that in GAA 
MOSFETs, with 3-nm thick gate-oxide, the SS and DIBL 
characteristics were superior compared to 2nm thick gate 
oxide in DG MOSFETs. Thus, showing that, in respect of 
CMOS scaling GAA MOSFETs have an advantage. Fig. 
8 shows DIBL and SS characteristics for 30, 35, 40, 45, 
and 50 nm fin heights, for both devices. The reduction in 
fin height resulted in improved SS and DIBL for GAA 
MOSFETs but remained same for DG MOSFETs. In case 
of GAA MOSFETs, due to increased controllability, owing 
to additional gates on the channel, reduction in fin height 
resulted in reduction of short channel effects. For relevant 
SS and DIBL, it was confirmed from the data, fin width can 
be same or larger than gate length.
B.		 Ideal Cylindrical-Channel MOSFETs

The design was optimized for GAA MOSFETs, as the 
gate length, the fin height, and the fin width were taken as 30 
nm, and gate oxide thickness was 2nm, for proper inhibition 
of SCEs in previous simulation results. As a consequence, 
the GAA MOSFETs’ performance had been improved with 
a cubical channel. DG MOSFETs generally do not suffer 
corner effects like GAA MOSFETs generally do. Reliability 
problem and the short-channel effects may arise, as the large 
electric field accumulate around each channel edges, thus 
channel cannot be evenly controlled by gates. 

Summary of results is illustrated in Table 1-4. In the 
cubical-channel MOSFETs the electric fields are out of 
balance unlike ideal cylindrical channel MOSFET, where 
the gate electric field equally affects the channels, and hence 
OFF currents are notably reduced. Improvement of driving 
current was likely as the channel volume is enhanced that 
would lead to higher current flow. Due to increase in SS, 
OFF current became worse. DIBL and SS characteristics 
are shown in fig 12 with cylinder diameters. As it could be 
anticipated that cylinder diameter increase could cause the 
SS and DIBL to rise. In Fig 4 and 5, 84.8 mV/dec and 118.38 
mV/V were the values of the SS and DIBL respectively. 

Short channel effects were still minimized even when 
the gate length is smaller than cylinder diameter. For 
pertinent short channel effect, proportion of the cylinder 
diameter to the gate length could be increased to 1.2. Table 
1-4 gate voltage vs gm, gate length vs threshold voltage, 
Fin width vs Sub Threshold Swing characteristics and Fin 
width vs Drain Induced Barrier Lowering respectively. 
Figure 2-5 shows characteristics based on values obtained 
in table 1 to 4. 

Table. 1: Gate  Voltage vs Transconductance for Double Gate 
and Gate All Around Structure

S.No. Gate Voltage
(Volt)

Transconductance (gm)
(mS/µm)

gm for DG gm for GAA

1. -1 0 0

2. -0.8 0 0

3. -0.6 0 0

4. -0.5 0 0

5. -0.3 0 0

6. -0.1 0.02 0.02

7. 0 0.04 0.04

8. 0.1 0.05 0.06

9. 0.3 0.06 0.09

10. 0.5 0.03 0.04

11. 0.6 0.02 0.03

12. 0.8 0.01 0.02

13. 1 0.01 0.02
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Fig. 2: Gate  Voltage vs Transconductance for Double  
Gate and Gate All Around Structure
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Table. 2: Gate Length vs Threshold Voltage

S.No. Gate Length
(nm)

Threshold Voltage
(Volt)

DG GAA

1. 10 -0.215 -0.18

2. 20 -0.2 -0.16

3. 30 -0.18 -0.15

4. 40 -0.16 -0.15

5. 50 -0.15 -0.147

6. 60 -0.148 -0.146

7. 70 -0.146 -0.144

8. 80 -0.142 -0.14

9. 90 -0.14 -0.138

10. 100 -0.14 -0.135

Table. 3: Fin width vs Sub Threshold Swing Characteristics

S. 
No.

Fin 
Width 
(nm)

Sub Threshold Swing

DG
(tox=2nm)

DG
(tox=3nm)

GAA
(tox=2nm)

GAA
(tox=3nm)

1. 10 64 65 62 64

2. 12 64 66 63 65

3. 15 70 72 68 70

4. 18 72 77 70 72

5. 20 75 80 71 74

6. 23 77 85 74 76

7. 25 80 90 76 78

8. 28 82 97 78 80

9. 29 84 99 80 82

10. 30 90 105 82 88
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Fig. 3: Gate Length vs Threshold Voltage for Double  
Gate and Gate All Around Structure
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Fig. 4. Fin Width vs Sub Threshold Swing Characteristics for Double 
Gate and Gate All Around structure for Different tox

Drain Induced barrier Lowering (DIBL) = ΔVTh/ΔVDS 	
	 =(VTh1- VTh2)/(VDS1- VDS2)

 	 ΔVTh= Threshold Voltage

	 ΔVDS = Drain to source voltage
Table. 4: Fin width vs Drain Induced Barrier Lowering

S. 
No.

Fin 
Width 
(nm)

Drain Induced Barrier Lowering (mV/V)

DG
(tox=2nm)

DG
(tox=3nm)

GAA
(tox=2nm)

GAA
(tox=3nm)

1. 10 29 32 20 28

2. 12 41 48 25 40

3. 15 49 59 34 48

4. 18 52 65 45 51

5. 20 60 77 50 56

6. 23 80 90 52 65

7. 25 92 115 60 70

8. 28 105 130 68 82

9. 29 120 180 76 86

10. 30 140 240 80 95

Fig. 5: Fin width vs Drain Induced Barrier Lowering for Double  
Gate and Gate All Around Structure for Different tox
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IV.  Conclusion
The cylindrical-channel MOSFETs’, simulations 

were performed. The Ideal cylindrical-channel MOSFETs 
with reduced corner effects compared to cubical-channel 
GAA MOSFETs had smaller SS and DIBL. Hence, it was 
observed that the cylindrical-channel could be employed 
for optimized GAA MOSFET structure and the short-
channel effects were suppressed. However, the gate length 
is smaller than fin width in this ideal cylindrical-channel 
MOSFET with 1.2 as the maximum ratio of the fin width 
to the gate length.
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