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1. Introduction 

As the DRAM cell size shrinks to sub-50 nm, it 
becomes critical issue to gain sufficient on-current, low 
voltage operation, and low off-state leakage current (Ioff) 
[1]-[4]. The fabricated FinFETs on the bulk Si wafers is 
one of the candidates to overcome the above issues. 
Damascene FinFET structure was proposed with local 
channel implantation scheme [1]. The cell transistors using 
n+ poly gate has a low Vth, resulting in high Ioff. The p+ poly 
gate gives high Vth, but high Ioff due to GIDL. Therefore, 
now it is very difficult to get reasonable DRAM cell 
operation with n+ or p+ poly gate in the sub-50 nm regions.  

In this work, we propose a new p+/n+ gate FinFETs, and 
consider device design of the sub-50 nm cell transistors in 
terms of GIDL using 3-D device simulator. 
 
2. Device Structure and Simulation 

The proposed p+/n+ poly gate FinFET is shown 
schematically in Fig. 1. Hfin and Wfin stand for the gate 
height and fin body width, respectively. The gate consists 
of poly-Si with two different work functions. The Lm and Ls 
represent main p+ poly gate length and subsidiary n+ poly 
gate length, respectively. The xj is source/drain junction 
depth defined as a depth from the top of the fin body. In 
this work, the Hfin and the xj are fixed at 50 nm and 60 nm, 
respectively. Gate oxide thickness (Tox) is fixed at 3 nm. 
The uniform body doping is 1×1017 cm-3 and a local doping 
which is characterized by Gaussian profile with a peak 
doping of 3×1018 cm-3 is adopted just under the LDD xj to 
suppress punchthrough. In 3-D device simulation, we 
adopted band-to-band (BTB) tunneling model to see drain 
leakage current including GIDL component. 
 
3. Results and Discussion 

Fig. 2 shows the 2-D ID-VGS characteristics as 
parameters of Wfin and LDD concentration. To exclude Ioff 
change due to DIBL, we used n+ poly gate devices with an 
Lg of 100 nm. Those devices have a peak body doping 
(3×1018 cm-3) at the center between source and drain. GIDL 
current increases as the LDD doping increases. With 
decreasing Wfin, GIDL current decreases due to the decrease 
of electric field in the LDD region overlapped by the gate. 
Fig. 3 shows ID-VGS characteristics with the Ls at fixed Lg of 
50 nm and Wfin of 20 nm. The n+ only or p+ only gate 
device gives larger Ioff than 1 fA. By controlling Ls, we can 
obtain a minimum Ioff by ~10-17 A at VGS=0 V and VDS=1.5 
V. The extracted Ioff’s and Vth’s are shown in Fig. 4. As the 
Ls increases from 0 nm to ~25 nm, the Vth decreases very 
slowly and then decreases significantly. Optimum Ls is ~15 
nm at given Lg of 50 nm and Wfin of 20 nm. It is needed to 

check internal physics to understand Ioff variation. Fig. 5 
shows the surface potential profile in the channel region 
along the cut line located near the top silicon region of fin 
body. We can observe different slope in the Ls region for the 
p+/n+ gate device. The area under the p+ poly gate of the 
p+/n+ gate FinFET is essentially screened from the 
drain-potential variation [5]. Fig. 6 shows the electric field 
along the Si channel near the top silicon surface. Compared 
to p+ gate device, p+/n+ gate gives lower peak electric field, 
which leads to lower GIDL. Fig. 7 shows the electric field 
profiles obtained at the same position as that in Fig. 6. The 
Ls changes from 5 nm to 15 nm. As the Ls increases, the 
peak electric field inside channel decreases, and the electric 
field near drain junction decreases. Fig. 8 shows Ion’s of the 
p+/n+ gate FinFETs with Ls/Lg (0.1, 0.2, and 0.3) and Wfin as 
a parameter of Lg at VDS= VGS= 1.5V. With increasing Ls/Lg, 
the Ion increases due to Vth reduction. The Ion also increases 
as the Wfin increases because of DIBL increase. The 
maximum Ion is about 35 μA when based on the Ioff 
requirement (< 1 fA) shown in Figs. 9 to 11. The Ioff’s by 
changing Wfin and Ls at a fixed Lg are shown in Figs. 9 to 11, 
where solid symbols meet the Ioff requirement. To guarantee 
Ioff less than 1 fA, the Ls at Lg=30 nm should be less than ~6 
nm for a given Wfin of 15 nm. 40 nm devices require Wfin 
less than 20 nm for given Ls of 4 nm to 12 nm to meet the 
requirement. The devices with an Lg of 50 nm show Ioff’s 
less than 1 fA for the Ls of 5 nm to 15 nm at given Wfin of 
10 nm to 30 nm. If the Ls goes to 0 or 50 nm, then the Ioff 
becomes larger than 1 fA. In Table 1, shown are DIBL and 
SS characteristics of the proposed devices. The 30 nm 
devices need the Wfin less than ~15 nm to keep the DIBL 
less than 100 mV/V. For 40 nm devices, the Wfin needs to 
be less than ~20 nm to keep the DIBL less than 100 mV/V.  
 
4. Conclusion 

We have proposed a new p+/n+ gate FinFET and 
considered device design for sub-50 nm DRAM cell 
transistors. Based on the Ioff requirement (< 1 fA), we 
suggested reasonable n+ subsidiary gate length and fin body 
width for the cells with Lg’s of 30, 40, and 50 nm.  
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Fig. 1. 3-D schematic view of p+/n+ gate 
FinFET. Hfin and Wfin stand for the fin 
height and fin body width, respectively. 
Here, Lg is given by Lm+Ls, where Ls is 
the length of n+ poly gate. 
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Fig. 2. 2-D ID-VGS characteristics as 
parameters of Wfin and LDD doping. The 
data for LDD concentrations of 1×1019 
cm-3 and 2×1019 cm-3 are represented by 
symbols and simple lines, respectively. 

-0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5 1.8
10-18

10-16

10-14

10-12

10-10

10-8

10-6

10-4

n+poly

5/45

15/35
25/25

30/20

35/15

40/10
43/7

45/5

p+/n+=
48/2 p+poly

VDS= 1.5 V

Lg=50 nm  
Wfin=20 nm  
Hfin=50 nm 

Nb =1x1017 cm-3

Tox=3 nm 

D
ra

in
 C

ur
re

nt
 (A

)

Gate Voltage (V)  
Fig. 3. ID-VGS characteristics by changing 
the Ls at a fixed Lg of 50 nm. Here the Wfin 
is fixed at 20 nm. 
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Fig. 4. Ioff and Vth versus the Ls at a fixed 
Lg of 50 nm. Ioff values were captured at 
VGS of 0 V and VDS of 1.5 V.  
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Fig. 5. Surface-potential profiles of 
n+-poly, p+-poly and p+/n+-poly gates at a 
fixed Lg of 50 nm. The insert shows a 
cutting point near the silicon interface on 
the cross-sectional view of the fin body. 
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Fig. 6. Electric-field profiles along the 
channel at the silicon top region of fin 
body for different Ls’s. 
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Fig. 7. Electric-field profiles along the 
channel at the silicon top region of fin 
body. The Lm and Ls are changed at a 
fixed Lg of 50 nm. Given VGS and VDS are 
0 V and 1.5 V, respectively. 
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Fig. 8. Ion characteristics with Ls/Lg and 
Wfin as a parameter of Lg. The rectangle, 
circle and star symbols represent the data 
for Lg= 30 nm, Lg= 40 nm and Lg= 50 nm, 
respectively. 
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Fig. 9. Ioff of 30 nm devices with Wfin and 
Ls. The solid symbols represent the Ioff’s 
less than ~1 fA. 
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Fig. 10. Ioff of 40 nm devices with Wfin 
and Ls. The solid symbols represent the 
Ioff’s less than ~1 fA. 

5
10

15

10-18

10-17

10-16

10-15

10
15

20
25

30

Fin width (n
m)

n + length (nm)

I O
FF

 (A
) @

 V
D

S =
 1

.5
V 

 
Fig. 11. Ioff of 50 nm devices with Wfin 
and Ls. The solid symbols represent the 
Ioff’s less than ~1 fA. 
 

Table 1 
Electrical characteristics of the FinFET 
with the Wfin and Ls  

(a) Lg= 30 nm 

 
 

(b) Lg= 40 nm 
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