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Abstract

In this paper, the electrical characteristics of tunneling field effect transistor(TFET) was studied for different annealing
conditions. The TFET samples annealed using hydrogen forming gas(4 %) and Deuterium(D-) forming gas(4 %). All the
measurements were conducted in noise shielded environment. The results show that subthreshold slope(SS) decreased by
33 mV/dec after annealing process compared to before annealing. Under various temperature range, the noise is improved
by average of 31.2 % for 10 atm Deuterium gas at Vg = 3 V condition. It is also noticed that, post metal annealing with
Ds gas reduces the noise by average of 30.7 % at Ip = 100 nA condition.
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Table 1. The temperature, time, gas, and pressure conditions
of post metal annealing.
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xHE
Clas.sifi*ca Temper- Time Gas Pressure
tion autre
Sample 1 400 C 30 min 4 % H, 1 atm
Sample 2 400 C 30 min 4 % H, 10 atm
Sample 3 400 C 30 min 4 % Ds 1 atm
Sample 4 400 C 30 min 4 % D, 10 atm
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Table 2. The biased conditions of DC characteristics and

noise measurement
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Fig. 6. Normalized SID of sample 3, (a) before post metal
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Table 4. Average slope of the LFN as a function of temperature.

T 4 25Hsof| M2 M3 Lo|=o| Hi J(27|
Before post metal After post metal

Temperature . .

annealing annealing

25 C 0.844 0.972

50 C 0.894 0.909

75 T 0.988 0.933

100 C 1.076 0.879

X 404 25 C, 50 CTeollA post metal annealing
5 XJEE} o= ezl V& 7|7}

UTH wmo]z=e] 7]E7]7}
FEAI7]= dRlo]l F2 AW
AA WH-<] shallow E o]
, post metal annealing
%71 ool o] =9
. BHAIRE 75 T

A A

<} 100 Coﬂ A
metal annealing
7hell whet A xp7E doll 9

sk
e o AT 2R %aﬂwﬂoaaﬁ

(708)

359

post metal annealing®l 4] 7}2=2]
%710] TFETS @714 EA43} o]
A8kl th 71 9] MOSFET
s A5 A
A3} o] TFETO|A %= post metal annealing=
2P A5 SSv Fd A o= 33 mV/dec 7=
ATk e 7F22 Z70 A4 2] post
metal annealing 2o IpE 100 nAE

ol 41 2] post metal annealing=

Fra B8
o
=
mgate] wo|2F

o2 307 % %

4

N1 oo

SR\
O ox

5ol =
o Aol

d ER A

32

=
b

B

metal annealing

Ad A ‘6]— 2] 9]

A 7] wjitol] wmo]z=9] 7

2 HeY, o= A%

A& 3tste] W7 3 A] post metal annealing

Wshe] gzl wolze] WAL FPL
[e]

¥ "art 9ee A

ol
H

N
-

fr

AL s e

HoXoge o &

)
)

2

g
BN

o
=
Ak 3
=

]
PR

References

[1] K. P. Cheung. “On the 60 mV/dec@ 300 K
limit for MOSFET subthreshold swing,” Proceedings
of 2010 International Symposium on VLSI Technology,
System and Application. pp.72-73, 2010.

DOIL 10.1109/VTSA.2010.5488941

[2] D. J. Frank, R. H. Dennard, E. Nowak, P. M.
Solomon, Y. Taur, & H. S. P. Wong,
scaling limits of Si MOSFET's and their application
dependencies,” Proceedings of the IEEE, vol.89,
no.3, pp.259-288, 2001. DOI: 10.1109/5.915374

[3] D. Jiménez, J. J. Saenz, B. Iniguez, J. Sune,
L. F. Marsal, & J. Pallares, “Modeling of nanoscale

“Device



360

gate—all-around MOSFETSs,” IEEE Electron device
letters, vol.25, no.b, pp.314-316, 2004.

DOI: 10.1109/LED.2004.826526

[4] B. Yu, L. Chang, S. Ahmed, H. Wang, S.
Bell, C. Y. Yang, & J. Bokor, “FinFET scaling to
10 nm gate length,” In Digest. International
FElectron Devices Meeting, pp.251-254. 2002.
DOI: 10.1109/TEDM.2002.1175825

[5] S. M. Turkane, & A. K. Kureshi, “Review of
tunnel field effect transistor (TFET),” International
Journal of Applied Engineering Research, vol.11,
no.7, pp.4922-4929, 2016.

[6] P. Chuang, S. C. Ho, L. W. Smith, F. Sfigakis,
M. Pepper, C. H. Chen & G. A. C. Jones, “All-electric
all-semiconductor spin field-effect transistors,”
Nature nanotechnology, vol.10, no.1, pp.35, 2015.
[7] Q. Huang, R. Huang, C. Chen, C. Wu, J.
Wang, C. Wang & Y. Wang, “Deep insights into
low frequency noise behavior of tunnel FETs with
source junction engineering,” In 2014 Symposium
on VLSI Technology (VLSI-Technology): Digest
of Technical Papers pp.1-2, 2014.

DOL: 10.1109/VLSIT.2014.6894371

[8] R. Choi, K. Onishi, C. S. Kang, H. J. Cho, Y.
H. Kim, S, Krishnan & J. C. Lee, “Effects of
deuterium anneal on MOSFETs with HfO 2 gate
dielectrics,” IEEE Electron Device Letters, vol.24,
no.3, pp.144-146, 2003.

DOI: 10.1109/LED.2003.809531

9] Y. Qiuy, R. Wang, Q. Huang & R. Huang, “A
comparative study on the impacts of interface
traps on tunneling FET and MOSFET,” IEEE
Transactions on Electron Devices, vol.61, no.5,
pp.1284-1291, 2014.

DOI: 10.1109/TED.2014.2312330

(709)

j.inst.Korean.electr.electron.eng.Vol.23,No.2, 704 ~709, June 2019

—— BIOGRAPHY |

Hyun-Dong Song (Member)

2016 : BS degree in Electrical
Engineering, Chungnam National

University.
2018~ : MS course in Electrical
Engineering, Chungnam National
University.

Hyeong-Sub Song (Member)

2014 : BS degree in Electrical
Engineering, Chungnam National

University.
2014~ : PhD course in Electrical
Engineering, Chungnam National
University.

Sunil Babu Eadi (Member)

2006 : BS degree in Science, Andhra
University, India.

2008 : MS degree in Chemistry,
University of Hyderabad, India

2015 : PhD degree in Advanced
Materials Engineering, Chungnam

National University, South Korea.
2019~ : Research Professor, Chungnam National University

Hyun-Woong Choi (Member)

2019 : BS degree in Electrical
Engineering, Chungnam National
University.

2019~ : MS course in Electrical
Engineering, Chungnam National
University.

Hi-Deok Lee (Member)

1990 : BS degree in Electrical
Engineering, Korea Advanced
Institute of Science and Technology.
1992 : MS degree in Electrical
Engineering, Korea Advanced
Institute of Science and Technology.

1996 : PhD degree in Electrical Engineering, Korea
Advanced Institute of Science and Technology.
1993~2001 : SK hynix.

2001~ : Professor, Chungnam National University



