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Analysis of Subthreshold Characteristics for Double Gate MOSFET using
Impact Factor based on Scaling Theory
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ABSTRACT

The subthreshold characteristics has been analyzed to investigate the effect of two gate in Double Gate MOSFET using impact factor
based on scaling theory. The charge distribution of Gaussian function validated in previous researches has been used to obtain potential
distribution in Poisson equation. The potential distribution was used to investigate the short channel effects such as threshold voltage roll-off,
subthreshold swings and drain induced barrier lowering by varying impact factor for scaling factor. The impact factor of 0.1~1.0 for channel
length and 1.0~2.0 for channel thickness are used to fit structural feature of DGMOSFET. The simulation result showed that the subthreshold
swings are mostly effected by impact factor but are nearly constant for scaling factors. And threshold voltage roll-off and drain induced barrier
lowering are also effected by both impact factor and scaling factor.

7=

DGMOSFET, 2785, 7453, Foksaa, e dolst5A, dad 2t

Key word
DGMOSFET, scaling, impact factor, Poisson equation, subthreshold characteristics, short channel effect

« ZAB|e 0 ZA)E D (WA X hkjung@kunsan.ac.kr) LRt 2012, 05. 01
AMALREZ AR} 2012 05. 12

http://dx.doi.org/10.6109/jkiice.2012.16.9.2015

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



I.M B

A 2] AL 22887 A HFol
CHEA AT AP EH A5 E anjd g o] A
9 a1 F2o] 7hEstE A Al wo] A WA
AELS MEA LA A gl W st AuE T
Shar 9ok, Wk of e} WA o] A st A
Aog JAZ 2] ~Y3E frEste] AT 2
TFARAY AR olojd g vk s-Evhet 94 |
22 3] A W E ] ool A A A FAlel A Sl
o AntEE 9 HE8 PC 5 Kutd 2] ¢ ghato
ute} 2ot CPUS 4 A E e dF< /el =93}
I Jth I FolAE EANA 2 AV HAE W2
& o] 7|7hufol &, Hlghulol E 5 7] 8k =2
|

S7 et H A DA A QAL
ENAAHY A7 A
A7 A B

40
o F e} A& vhsh o
A28 45 e 4

EH = z%o] o]x] ‘J_EHH
He exH gk dd &
%E?MéEM Gt ddF o2 Yehe &
o g EEAGolst 29529 Ag}, BE gt

olol F-3-3}7]
Al ©] E (Double Gate
. DGMOSFET: 2711 9] Alo|E

W AAd i 7HF40%£~ Aolstn 2 Aol E AFA
o TEo] F7st AdAVE G AR AT
T 245 Bk

DGMOSFET+= CMOS ¢} €2 “Jsltte] Al EE 2

7N A Ashe= 22 A DGMOSFETO) gk o] &<l

A EolFA AL Fof A ey A rERY
52 Fotol YAt FEAYLe|e} 29 B2 o
45z e 1553 EH). & Aol A Tiwari 5]
AEH AR ER DS o] 3ol BE AL OIS 5
He BAY Aol 5L Y BN 498
of v S48 mee Faha BE A oe 1
A AN EG oL H ol 3] AEE Ao i) A e
Q158 hgke. ol ol 2 917-0] A= Tiwari %591 419]
RERDL o] §oho] FEI) TS HAT A
o] 2Rl 7HEAE 4§ WG N 2 Aol

2016

£-% DGMOSFETl| 248 Aot} Az o] 22
da7)e] sl whet SHEAI ] M-S A

AFET - JE o]EoZH C

T3 o] &4 HH7§°ﬂ ofsto] A HE o

DGMOSFET9] 7 $- & <
%1°] DGMOSFET 9| *%ﬁmﬂ AfEo] Ha AUtk
o ¥ Aol e MygH ~7A7 o] 24 DGMOSFET

o A&3A FEHAYolet 54 T A aHe Wz}

R=h

o
o O o YO
L o L oo 2

g #Fetazt gk F e Aol EE 7 54 Wi
of Aol 9 AdFA ] ~ARIAL FEAE A
3 Aol o] 7FEA o vl Wsl s wAstu uA T
7ol t}.

2740l A= Tiwarie] A9 ¥ 2dl 9 x| 2o
tste] A Aolw 37l A T8 [ o] sl 4 el A
A a5 IS o)F, TYHYels 29 B
EHRIF = A d el dlste] A AR 7

S AAE s 12 Aotk 440l 2

‘ 7 FRONTGATE y
¥ S ——————— -

V. y 2
n (X) tsi

<l >

Lg v

BACK GATE

SUBSTRATE

a2l 1. DGMOSFETS| 7H2txe
Fig. 1 Schematic view of DGMOSFET

18 18 o] =o)X A3 DGMOSFET®] 7| 2F %
ot} = ]@j— u}g}@o] ~JJr % FopErg Al 9

)



277 o] 2ol 715X & A 4§ DGMOSFET] 8 71 ¢to] 3} 54 4]

I

7|4 p(z)E AW EPREGFZA 2429
2o TFA O REFSE o] &3
—(=—R))
n(x)=Ncexp {4'—202 } ?)
»

FAUS 2 EXHEAE veRdh 2 (1) (2)2
= A Tiwari 2 A/NEH S o] §-3tH A2
2 78 F QrH4]. ol BHI =EA AYEE B
Hao] #ato] HAEeITHs5]. olwl 3 AR EES

=
g olgsie] FeAgtols

2= (Subthreshold Swing ;

- kTTlnl()[l 4T

(QHKVG ?/EF_ZJPJF KN) D— !
©)

ANA Ve ACE Al F G H KN
P 5€ A6 BAH) Atk BE Aol
292 OFFA ARAR 21718 tehle JEaA
H23he 60mVidecolv] TAE AR ALga] 913t
o 7V5 o AL k& FhA ok g,

22F Np= 10' Icm
24 . . .
(]

5 10 15 20
Channel length (nm)

a8 2 Ezolnt AHolE HMetof| oSt M=o Hist
Fig. 2 The change of potential distribution for
drain and gate voltages

ERA9I9] A2 gho] 312010919 2007} 2 v Ale]
o2 AR clve Yo o

R—{ R~ 4(4HK—1) x (4NP— Q*) }'/*

I/th, = SHK—2 (4)
7NN R, Q& FaER[e]el FAH et
ﬂﬂﬁmw =0l Mte A avke] A9 A o

s ik,
Tiwari2] 95 L5 dS o] §-35}o]
of & A2tk 9 =
3820 AYEEE TAEYL = =g ol Egd)
2>(Drain Induced Barrier Lowering; DIBL)+= U3} 20|
73 % .

DIBL =V, (V,=0V)—=V,(V,=1V) (5

2 AT = AB)@)6)0] 22
= BFstaa sl 8 2709 Aol
DGMOSFET®] 7 §- 7] &2} CMOS ¢} 2
ol 71545 AHgate] 7HEA e B e
t}. 7}% %) = DGMOSFET ] %4 &
A FA N chal A AHE- 9Tk 2, 2

& Ao A %ﬂolx]— 5 fﬁﬁ}"q <

It

flo 1m %

[> >4 =

i £

o i
N R

N2

J R SO S )

ox

>

— =l: oL
i o Mo

N

1

m

i

iz
)
|o
fitl

o
-
N
ofy
§
mlo
3
O
_o‘L
“q,
&~
~
3
1> m\;
kY

A5 tgol et i?*‘a‘
diste] Aoz ¢./90 7hER] mE o] 43Hd
te/mS o 2tk 27) 9] Alo|E&HE H7sly] $l5te]
AdZdolo th3k 7}E 2 = 0.101 A 1.074A] AFR3He] 7|
o|EZAo|7} AA 0w Zrtste N E 1&g o
A FA ol T3+ 7FEA] = 1,001 4 2.0744] A8kl &
A FA O Bjste] Zh Aol Eolefe] xd A
23 S AUH oz AYFAVE FastE 238 XY
33

it
o
ro
>
N
=

o
= 1
hyake)

)

2017



<

=52 21638 A9

Impact factor for channel length

éﬂﬂuma«ﬁﬂﬁ% %%ﬁ@@iﬁﬂﬁﬁ& iﬁﬂnﬂﬂ_%zﬂﬂewﬁ
o T A KXoy o T o X e B TR oy REORY = T T o A N®wm O g ™
TR G I NFpWE FVFNEATT RIHF G ofrR Voo g = M
T e oF m o B o T = = o No No 7 mp a1 B ol & o5 B No USSR X =r T ) o
Lo o — - S 3 = = : P o X e Ny e
[y ~N oo XON2 oy 0 BE = RN N W e o0 W Mo NN OB o =y X
o T NS — W R X T L = = —_ R RN :,LJIL ) Nfo
ﬂ%é%ﬁ&drﬂrw@ ﬂ7vvrﬂ?ﬂozﬂa«.ﬂ%1 0 I RGO IO i
%%ﬂrﬁrﬁ}ﬂﬂgm %%wﬂrﬁr%ﬁﬂﬂr%% ﬂwmmu%ﬂum@wrWWJ
WD gWE=m™ %PMJ.W%HNW% o XA E HELTET
Tt adgugpT AXTEITCNBER dlbpon el T
mfo#ﬁEzE*yuﬁﬁao@ o T E R oy T o %w_n%frgmowrloazf
T T e AT @mHA T ENET WL ERS Lom R
U< g W IR pem® ® ,m_ g = ooy BT g e & o N o g
cgp _ﬂwmwiﬂﬂa%l oL Ao PR T T o %%fxﬂﬂw_ﬁmﬁ}oﬂ%fx
PN lET P xw T Y w Ll R E X
= N % U R - SR e ! d 2n T ® o ok Bl W= w Mo o
oV T om) OF o h S o TN B e B X 3 ol Ry N g )
w1ﬂ‘w|17ﬂLWMEMMMH‘mﬂ ﬂE,m&o,mﬁﬂr7nﬂﬁ.%Eﬁ_qx_ﬂ ﬂﬂlMM.ﬂﬂoﬂqﬂmLiﬂluﬂﬁ7MM
=M M T T, wr TramdRaT IMAT @ wm ety d T
ER T o ATJﬁﬂ.W]iﬂAﬂﬂntqﬂwiE A = o s B o
= o o Wy AR ° S 2 e I ™ B o 1A 0 K
R -G = e T L O AN e ol ol N R B I =
auﬂLﬂATLH_E%i%ﬂmro%mﬁdr%mmm:qamﬂﬁﬂ;o W B oo ook B oo
Texw "X THgRAFT Tz w0 T g ®BFo Lol ® R
N T Ne MR W M BT HTWHFTITTFIRT WIBDOHRRTT o B
utﬁeﬂuﬁmue
N R AN
oo D N\
.F il Do X
100 éd|3_lrd. E2+« 1 \ 12
3 aﬂﬁu%% 28 , °
— T .31 Se 2 " ] <, I
A EEs %%e%, °
K o B nE S 8, )
— sl < ar ] ] ¢, <, G N s~
o X d %, % S
- L I < v,
= ‘iie N 0
2 uEﬂnﬂﬁWMﬁ ] 1 & 12
__.m,u_ Nio B oy op RO o
o B O B 13 £« =2 13
20 __nm cm %..woro_ud‘ gL
K WO gy g o) Bz o 1 5T B 3
y ﬂnﬂwrm@w_mo. £ .mmm i
— TR =g Vo £ & ] " 3] ©
™~ k) c ~ 1o
® g0 M ~ ® K M S 2 °
Ko X K Mo Mo o ) Y 1 1 19
N D N N 5 W 2 xz
X ?ﬂdﬂﬂﬂﬂmﬂ [T P T PP T | [T AT T PO T TP T S
E ¥Tagxowg B8882RB3B 32883%3838% 2888888 °
> % MM ,% w.m MM (o3pI) Buins pioseIuians (A) aBejjon ploysaiyy (MAw) 7810

o]

=

=

tol Ad Aol 7454

o

71§l

5
FiTh

&

5

] &

o]

AHA

H 40 =4

[e)

=

(©
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