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Abstract: An analytical threshold voltage model is presented to observe the change in threshold voltage shift AVi of a
junctionless double gate MOSFET using ferroelectric-metal-SiO2 as a gate oxide film. The negative capacitance transistors using
ferroelectric have the characteristics of increasing on-current and lowering off-current. The change in the threshold voltage of
the transistor affects the power dissipation. Therefore, the change in the threshold voltage as a function of theferroelectric
thickness is analyzed. The presented threshold voltage model is in a good agreement with the results of TCAD. As a results of
our analysis using this analytical threshold voltage model, the change in the threshold voltage with respect to the change in the
ferroelectric thickness showed that the threshold voltage increased with the increase of the absolute value of charges in the
employed ferroelectric. This suggests that it is possible to obtain an optimum ferroelectric thickness at which the threshold
voltage shift becomes 0 V by the voltage across the ferroelectric even when the channel length is reduced. It was also found that
the ferroelectric thickness increased as the silicon thickness increased when the channel length was less than 30 nm, but the
ferroelectric thickness decreased as the silicon thickness increased when the channel length was 30 nm or more in order to satisfy

AVin=0.

Keywords: Threshold voltage shift, Junctionless, Ferroelectric, Negative capacitance, Double gate

1.ME
EMX]AEQ] 377} 10 nm o]t ZHAstHA TRl
aihs g5 AsiA L ot 9AlE aate 2HAY]

& Hakkee Jung; hkjung@kunsan.ac.kr

Copyright ©2023 KIEEME. All rights reserved.

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

5} A9 (subthreshold swing, SS)°] A 5}#gto] oz}
FEXeto] o]= o DIBL (drain induced barrier
lowering)®| 571 5 ERHA|AH S/ & F&= UlX]L
Qick [1-3]. ol2igt TRl AnE 2ar717] distel
AgHjunctionless, JL) MOSFET, E{Z=(tunneling)
FET, GAA (gate-all-around) FET & A|2& +X9] E
WA AEfo] Ofjgh AL7F s £138 Fof ot [4-6]. =
5| 219 avto] ostol WAISHE Aol £ Atgjute] £
N ZAE 867 Yot LgAds 249 o, 1olsk

8 MAE ALY oA, RHY 7E 0§ 5

o
iTa)
o
o,



130

FOojR|AL It} [10,11]. 22y} of2{gt k=30 = SS7} 60
mV/dec o]F9] = 2= SAE S55HA] X5 tiE
of ZRAlAl(ferrolectric)E o]83st 29 FHTjAIEH A
IHnegative capacitance, NC)o} &
o] o] StAZ FHsIH = A7 A
WA AE Q] TR 5y} 5 SSTUE £
d9] o] so|t}. FEAYUC] Hal= &
EdHXAH 5440 2

217171 $lsto] o] g3}

ol
o
PA

e S
—
»

Mo

3 |

ol
?E 7}
o3
dHop 2 U Proofn 2 |m SE o

—
—
=

(WS

od o ¥Q L
2o 84
[RAON

18

tu P~
Z

ol

o2
o
[}
o
iu)
|J
|o
tu
N
%)

kl of

0,

rlr

N

N

(0]

20
AN A

%
o
1T

o Mo

X
rE
fon
>
)
g
ko re
o pr
i)
2]
(23 )
o =
E of.
rlr o
Oi ﬂllo
Jo &
r){ |-|_|)1'
bl
= N
9 >§ Mo
n
=
N
N

thet £Ao] Was

ot REmYol  F7kshd
(polarization)x}t A 7]Ate] o]=2d 8 AH(hysteresis)o]| 2]
o 2 F(on-current)= 57}st= Aoz deiA ot
[17]. 22yt NC FETo| A Al sh= ZE A ol ol thgh
A= =l Aol oist EE Y] et =, DIBLO
thgt 22g AAJshe A lo] 49| o 2ojxA] gL 9lc}
[18]. 53] NC 570l 4= tlAl= &= A7 28]
2 AbpofH X (free energy)e] A digt A4+ 4T
2 XA 31 9lth [19-21]. Rassekh £-& NC FETof tf
sto] AjE 2ol 100 nm9] JLDG MOSFETS] SS ¥ DIBL
o gt mElute MA|5tHCE [22]. Awadhiya 52 NC
FETo] thisto] #8749 W DIBL 292 AAISIR oL &
Al LubAQl MOSFETQ] Alo]E ;& & MFMIS (metal-
ferroelectric-metal-oxide-semiconductor)2 45}
of shjsteion] Ad ol L ZgAIRIe] SAt 2EA
ol ulxl= I ol dishAd AastAl &gt [23].
Saeidi 5& NC FETo] tjjsfe] SS 2 [-V EA 58 1A

ol
Jo
2
i)
1o
Hr

o
-

=ES|
gt A7 =27 tiaoll 2 =wolAe AE 2ol 7
AR A0 2 FTEAY o] 5 (AV;, =L

SR} St} o] & 9Jsto] NC FETof| thgh #8492l 5
AerA well 3 iAot o]9] A& S H Y Zo]
FETO] A& AP|Exx 2= X FAM S Hol=
MEMIS &2 A] 23t Ziolr} [25,26]. MFMIS L& 0 4]
= Abstatat 73 [ A Atolof] Wi E Alo] E(inner gate)2t
250l 2% Aol E(outer gate)?t EXICE. o] & 7|
O|E0] Al S 2ATc=H FRAAI7E 28 8Y

]

[

o tAl=¥Ts LA ZolH A £ Heprt

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 2, pp. 129-135, March 2023: Jung

2. Z7THE 0|28 JLDGFETS| 25U ZH

N
—r
oM
30
ra
i
=)
ok

8t JLDG FETS| 1=

B =204 A5t MFMIS t&9] NC JLDG MOSFET
ol e 2 I3 10] TAlGHACE Ax/EQlal AlE S
Ne'2 SUst7 nEwstglon Alo|E Asitto] Est
A d MOSFETZ AFsl9ict B =oAL Ny'=3.5%
10°/cm®S AF&3IgILh 9% Ao Eo] o7tst AL
Ves201B] Y12 Ao Eo]] G =8 AL Vyy, AR 0
A AL Vot

L

2.2 ZRHHE 0|88 JLDG MOSFETS|
BHHUARE

Ding] A2 4] ()i £EAY] oS o] gtw

SYAY e BBE 2% 4 At [27]

P(x,) =V, + x s Y[Ce +Det -, 1k sin 77X
l Lg n=l1 Lg
k,=nm/L, (1)

ojt] 71N Cp, Dn, fr 12
=2 A

Vee 22 A, Vare

vgsZT

METAL2

METAL1 (V)
sio, t,
X
y Ny .
SOURCE RS DRAIN
LQ
| sio, fox }
Vs vds
METAL1 (V)

METAL2

Vasa
Fig. 1. Schematic diagram of a symmetric NC JLDG MOSFET with
ferroelectric material as the stacked gate oxides.
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Table 1. Device parameters for this analytical threshold voltage model.
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Device parameter Symbol Value
Channel length L, 20~100 nm
Channel width /4 1 um
Channel thickness [ 8~12 nm
SiO, thickness Tox 1~4 nm
Doping concentration Ny 3.5%10"%/cm?
Ferroelectric thickness Iy 0~10 nm
Remanent polarization P, 17 uC/em?
Coercive field E. 1.2 MV/em
T T T T T 0.5 T T T
Lg=25 nm tf=0~10 nm
> 01} 1 ~ t. =10 nm step 2 nm
£ 0 g or t =1 nm
L - ] -~
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[ t=0~10 nm S’ 051} d
-0} f ] @ U Vg1V
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9 £
> L ]
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ﬁ 03Ff Nd—3.5x10 lem ,Vds—1 \' 1 g
o TCAD (0 ) S as5)
iE 0471 Xie_ model ( ] ) ] >
This model ( — )
_0.5 1 1 I 1 1 _2 1 1 1
20 30 40 50 60 -2 1.5 -1 -0.5 0 0.5 1 1.5

Channel length (nm)

Fig. 2. Threshold voltage shifts for channel length with the thickness
of ferroelectric material as a parameter (the red circles denote the
results of TCAD and blue squares those of Xie model [30]).
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Fig. 3. (a) Voltages across the ferroelectric and threshold voltage of
the inner gate for channel length with the thickness of ferroelectric
material as a parameter (the red line denote the threshold voltage of
the inner gate and the blue the voltage across the ferroelectric) and (b)
threshold voltage of the outer gate for channel length with the
thickness of ferroelectric material as a parameter (the inset denotes
the total charge in ferroelectric).
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Fig. 4. Relationship between the inner and outer gate voltage with the
ferroelectric thickness as a parameter under the given conditions.
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