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Abstract: In this study, we compared the threshold-voltage extraction methods of accumulation-type JLDG (junctionless

double-gate) MOSFETs (metal-oxide semiconductor field-effect transistors). Threshold voltage is the most basic element

of transistor design; therefore, accurate threshold-voltage extraction is the most important factor in integrated-circuit

design. For this purpose, analytical potential distributions were obtained and diffusion-drift current equations for these

potential distributions were used. There are the ¢,

method; and the second and third derivative method from the 7

extracted using the maximum value of TD (third derivatives) and the ¢,

nin Mmethod, based on the physical concept; the linear extrapolation

V. relation. We observed that the threshold-voltages

d (/

method were the most reasonable in JLDG

min

MOSFETs. In the case of 20 nm channel length or more, similar results were obtained for other methods, except for

the linear extrapolation method. However, when the channel length is below 20 nm, only the ¢, ;, method and the TD

method reflected the short-channel effect.

Keywords: Junctionless, Double gate MOSFET, Threshold voltage, Linear extrapolation

1. M E

2B A =HAY2
E

QAZA

ERMAAE Y 2/9
MR A8 AA Al 7P
. 71E9] MOSFETO|A]
2 SaEEt Aees
Aysozs Attt A
2 SEREE B ETIE D IPR
wo] AolE Mt sl AgSHACE

2 Ao+ »E¥(depletion mode)tt FA1

||:|

rr Mo o

BA
Fof| A 70*‘3}’8

oo} 2

a. Corresponding author; hkjung@kunsan.ac.kr

Copyright ©2018 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.

(enhancement mode) MOSFET T+ NMOSFET2}
PMOSFETO] tiste] &3] AMEE & ot 22y E
HARIAE O] Ad Zol7} 10 nm olste FAStHA &+
EIXIQF o|3} oolofAo] whRjd Faly} EJMR|AE =
Aol Aztst @ olAA gdon] o2 sj2s
olste] 7ferel chEAlo|E MOSFET 79, #pd A
A7t 4F A™(fully depleted) AMEjolA] SAlsto g
M3t upel o] ZubdolNe] BERY Aol that

M2 A57F AP ot [1]. 7189 JEd ol%
Alo]E MOSFET+= g Zo|7F FotAHA A}t A
2/E2Q GUL the PEl2 £YAI7)] of A n
dod 2a/SdY BT Y 3A A 3

w20 Wat fiwo] 3749 01'“—133

Olg sl 4 st7] Ho}@l 7 % E
o|E MOSFETo|c}. SAist



A7 1A 2 otel=wAl, Al31d A3 pp. 146-151, 2018'F 34:

22 10 % |n

Q.
o r
%)
el
=)
oA
Y
o
|m
o
Q
Q
c
=)
=3
QO
=
(@]
=]
=
o}
Q
=
@]
=3
@D
w0
w0

double gate, AJLDG) MOSFETOA 7} gejdoz

SEHLS Tk Yol tsto TASERAL e,

2.

i

gy

Ortiz-Conde £& 7]&9] MOSFETo|A] REX S
Sk ol oisto] WEstRle® Garcia-Sanchez

AVIeteAlE Ade ARESH MOSFET| oigh &
st =2 LESIAT [2,3]. Jiang 52
= MOSFETOA Zi'd W A9fe]

E
WOl ¢y =02 ™, AICIE AYS 2EHAYCR F

sto] AeEAL 2 AoHL
oA AL QU BEAY 52 PHL ALDG
MOSFETo]| st A8ste] ATHA-S H]wstlAf

[¢]

O] &3t Py TH, @ AR (L)-AC1EH AU
EMoA  Q4irH(extrapolation method)g ©]-&3}
& 9]4H(linear extrapolation, LE) ®¥, @ I,—
/9] 2xt O]E(second derivartives, SD)9] Z|Higt
Z& YH. ® 1,-v, 5749 3z 0]&(third
derivartives, TD)2] 2|3k & YH, ® [,—V, 54
o] o4 ol digt 2X} ©v]E(logalithmic second
derivartives, LSD)9] 2|43 &5 U¥H. ® -V, &
g g ol it eJafdol AAl A& wtat 5%
QAME Y o A°lE AYS wEAYCR Aost=

(match-point, MP) #¥ £2 0]8235}9]

(o]
k . s
T 2ERY UEL vlL DEY Aol

5

dm e
T

=2

%)
=]
ro
|m

I}

3.1 2&8l 0|= HIOIE MOSFET2| 2EIXQ} &

a3 10 £ w804 ASE ALDG MOSFETY
TES SIS 1 L4 ¥ 4 QE0] An/c
A G A ol SUF =Y FEIS A

5] 147

Szl

gate oxide
y .
i source % N dra+m
Nd Nd Nd
gate oxide

bottom gate
L,
= : =
Fig. 1. Sectional diagram of accumulation junctionless double gate
(AJLDG) MOSFET.
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Fig. 2. Various methods to obtain threshold voltage of junctionless
double gate (JLDG) MOSFET. (a) Linear extrapolation method,
(b) matching point method, and (c) method by derivartives of
second and third and logarithmic second derivative. Dotted line in

(a) and (b) denotes 7,— V, characteristics.
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