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Abstract

This paper have presented the analysis of the change for threshold voltage and drain
induced barrier lowering among short channel effects occurred in subthreshold region for
double gate(DG) MOSFET with two gates to be next—generation devices, based on
scaling theory. To obtain the analytical solution of Poisson's equation, Gaussian function
been used as carrier distribution to analyze closely for experimental results, and the
threshold characteristics have been analyzed for device parameters such as channel
thickness and doping concentration and projected range and standard projected deviation
of Gaussian function. Since this potential model has been verified in the previous papers,
we have used this model to analyze the threshold chatacteristics. As a result to apply
scaling theory, we know the threshold voltage and drain induced barrier lowering is
changed, and the deviation rate is changed for device parameters for DGMOSFET.
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1% 1. DGMOSFET9 MEx
Fig. 1 Schematic view of DGMOSFET

a9 12 o] =FA A+83$ DGMOSFET Y]
MeFmolth, o] 29 x,y,zWdked digh ¥l
AEXE T3] Hshe 350} WG as ol &
shelth

VW =qn(z)/ey €))
1714 n(z)E AU =FFmold e, &= 4
g2 fFgolth o] Ao tigk AstA ®
95 o] Sk 23l AR EWse
FAE s AEolE=E (3] xoF yiEEe] o
s A2 E sfAsielon ol HaiE

EgeT 2 Aes #4E olgad.

n(z) = Npexp(— { Ji/;fp }j (2)

I

A7|A N, o] &F9A =l oJate] AA
He Ao =RREgol R 9 ot 247 ol
el We W PEAAES gehddh 4 (1)
3 (2% 27 95

o o
i 2
Z

D}%Jﬂr 22 AAFAY
Tiwari 59 A7/ 2 o

A(4HE—1) % (anP— Q*) }'?
SHK—2

Q= Vfb+2¢f+)\2queXp(—BQ)/esi
R=2Q. — 4HK|(M— VD/(exp(Lg/)\) —1))+
(M~ Vp/(exp (= L,/\) —1))]

(3)

AN HEMMNP = FnEF[2]o] FEA

- 684 —



2Ag]o| 2ol w2 DGMOSFETS] 8¢ 57334

Hol gtk A @) elA gt AZNA, eqis
EEEDIE AT T
HQl ~AY ol uet A/H Y
2871 fetel AdLel, ALFA, Ae]
U, AYE 5 2AY A% s
HaARE W AYEREEE sus
AAE @ TEER B Aol A
o|£9] YA o2 AL ol g3t

2 Zlolth.

e olN 2 (M oox 1S
Bloof Nl g oo o

[I. 223 o]&o wE FE Y W3}

0.60

Scaling factor increasing
0.55 from 1 to 10 with step 1

0.50 -
045 -
0.40 -
035 -

0.30 -

Threshold voltage (V)

0.25 [ Lg=30nm, tox=1.5nm
Np=10"%cm?®

I
0 5 10 15 20 25 30

0.20

Channel thickness (nm)
0% 2. 24 e selEE @
A dFA e whE EE e Wst

a9 20 RAEFA] WE EE AL Wt
Ape]]

et ¥ o
) o
S o
i

M yo
oy L
kR
N B
2 8
i Iz B
o,
2 &ﬂ
A
hoRTE
e
4
S
N

)
e
-
S
n
i

N
-~

of
o

rJ [Uia
i o
1o
>

N T
filo
i
.
n

o o 2
o

imlm lfj

o el
G E
< 30
L
=
o
2
k)
i

N
ofN
N

A2

N

4y o R NOTI

N

do

ol

2

[

o

w

2

= > M

S > fo o
m\mrE

2L 30 gl T
off Lo T 12 ot L Ay N pQ oy

30 Ho g

S,

[o
(i
i

it
ry

Norlr i 2 2 ¥ ol 22 )y N [~
A
]
>
X _ll-m

X o
Mo
Mo =2

N
-~
2

L)
P
i
)

_O|L
=
30
32 oo
Rue)

Iv. 2 &

TF-oM = 7 e AClEdaE 74X A
Yir22kel DGMOSFETel diste] &Y
boolatgoolx] sk dAlday 5 &
dllfreg s wss 22

]

ol Eol et FAjstgich &A setulEQl A

Scaling factor increasing
from 1 to 10 with step 1

S E 4}

@ £ tsi=10nm
= 020F | g=30nm
15
F 015 - Np=10"/cn?
0.10 - Rp= op=5nm

0.5 1 15 2 25 3 35 4 4.5 5
Gate oxide thickness (nm)

a9 3. 2AYJMAE derHE

Aol EAbglut Ao whE g ke W3t
G5 9 A EASEHEA 5o WEke] st
o TEHAMY U ZERIFEAETAs At |
st et EAAY AGFA 9 Aol
EAbstu A7y S E T Aol ast
I AAYJAATL TS FEAYG] T
stal Stk AS #ESdh oy A=
S o]FAo]E MOSFETS 7o) 7]%7}
2 Zlojt},

[11 P.K. Tiwari, S. Kumar, S. Mittal, V.
Srivastava, U. Pandey and S. Jit, "A
2D Analytical Model of the Channel
Potential and Threshold Voltage of
Double-Gate(DG) MOSFETs with
Vertical Gaussian Doping Profile,"
IMPACT-2009, pp.52-55, 2009.

[2] H.K.Jung, “Analysis of Doping Profile

Dependent  Threshold Voltage for
DGMOSFET Using Gaussian
Function,” International Journal of
KIMICS, Vol.9, No.3, pp.310—314,
2011.

[3] D.S.Havaldar, G.Katti, N.DasGupta and
A.DasGupta, "Subthreshold Current
Model of FinFETs Based on Analytical
Solution of 3—D Poisson's Equation,"
IEEE Trans. Electron Devices, vol. 53,
no.4, 2006.





