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Constant Voltage Stress (CVS) and Hot Carrier Injection (HCI) Degradations
of Vertical Double-date InGaAs TFETs for Bio Sensor Applications

Ji-Min Baek' and Dae-Hyun Kim"*

Abstract

In this study, we have fabricated and characterized vertical double-gate (DG) InGaAs tunnel field-effect-transistors (TFETs) with

ALOy/HIO, =

1/5 nm bi-layer gate dielectric by employing a top-down approach. The device exhibited excellent characteristics includ-

ing a minimum subthreshold swing of 60 mV/decade, a maximum transconductance of 141 puS/um, and an on/off current ratio of over
10° at 20°C. Although the TFETs were fabricated using a dry etch-based top-down approach, the values of DIBL and hysteresis were
as low as 40 mV/V and below 10 mV, respectively. By evaluating the effects of constant voltage and hot carrier injection stress on the
vertical DG InGaAs TFET, we have identified the dominant charge trapping mechanism in TFETs.
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2~¥] (Field-effect-transistor, FET) 7]\ blo]
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B ABF (Si) 719 R E 555 418k REEA] (Complementary
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metal-oxide-semiconductor, CMOS)®] %4 Y4l € 22 A&
P3tE Bl violQ AlM o] s JAETT A W EAA
o 24 4betE WA AA 23 EWMR] 2 (Metal-oxide-
semiconductor field-effect-transistor, MOSFETs)2] 52} €12 ol
ofgt Agto = Q3| thy F 7HA sAH o] EAgTE O d

oA 8 <t o]} 29 (Subthreshold Swing)2] A7kl 60
mV/decadeo| ™, o] 2 13l 3+ Y (Supply voltage, Vpp)S
Zol= dl g7 Ak @ &Ape] AFSEE Q8] TAd a3
(Short channel effect, SCE)7} ¥4 3te] 3|2 HAQ] EXE=E
711t

olggt FAIE MNAT F Yv= N=A AX2H, B Al
a3 EWX2E (TFETs)7F ZeEH 2 ok E4x W=
(Thermionic emission, TE)ol &J3] A=t e] Hx}r} o] Fgo
M AF7F A4 == MOSFET= th2A], TFETS 7 Ak
oA Mty o ze] Bdd (Band-to-band-tunneling, BTBT)
S Sa) AFIE HEY] W o], 29E 60 mV/decade ©|3+E
AEAFIA, Vs 0.3 VolstE RE02H) a}o] o A &

&olle o, mEe] o) e s} 5 dvke 540 9
o [5,6]. B3, 5 W A2, 4 ARTF (Source)9‘r

A9 (Channel) Atelell WA SH= B &oll 23] Aloj=]7] wiE
o, SCEIIM AH2& 5 Utk 7401@ [7, 8I.

FET 7]4F njo] 414 2] 28315 ¢
I FA, @ AT ot 54 sl 2 Axpe] S
st 2] Alg|Ado] T8k Qdolth Axpe] Al S -
2~ ol =

St
3 & e A F = 7Y 24 (Threshold voltage, Vr),
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A9 ¥ 2 (Trans-conductance, g,,)
2 ]°ﬂ sl el AEEC] Msh=
2 e Ao R ool "t [7,9,10].
SigH] =& 2 AF ([ON)—g—
InGaAsE xH EAE ARgste], d2elA Ha 29 (S
60 mV/decade, 52 AF (Ipn) = 7.52 mA/mm, ] EH A
B2 (g ma) = 141 mS/mm 54L& 7R = 2 o] FA 0]
E InGaAs TFET (Vertical Double-Gate (DG) InGaAs TFETs)=
shaka] T4 WA 02 A 2FSEAL, constant voltage stress (CVS)
2 hot carrier injection (HCI)ol| 2|3+ al4] A %o] HIlE #=
gro 2, AfA] EdfE wfAUESS A

o >

2. &K 3H

28 o]F A0 E InGaAs TFET A2 $13) ol 9] =&
insulation InP 713} “gol] Ex}-ql-o| 3] ¥ A] (Molecular beam
epitaxy, MBE) W10 2 AA5r}. o9]Z2 50 nm 7 n+
Inys3Gay4,As (Si =3, 5 x 10" em™), 30 nm 77 n+ Iny5;Gaga;As
=9 FH(SiEH, 1 x 107 em™), 90 nm F7 214 Ing5:Gag 4,As
A G, 10 nm 7 X4 IngsGag,As 2 G4,
Al p+ Ings3Gag,As 222> B9 (Be =3, 5 x 10" em™) Z 300 nm
FA A4 Ings;AlgusAs 5502 FAAHET

27 AR 2 AP 7] R E = fARE A
2 Ag A=, 2128 InGaAs 83} I FAE A0E %
2+ (High-k) A}o]2] dangling bondol] 2|3} traps 431117171
AAnr F2 ol 21% &3t GEF (NHL),S) £ 10
2] st & AR5 Z2 4] (Atomic-layer-deposition, ALD)

sled ALOJ/HFO, = 1/5 nme] ©]F Al°|E HAe §
ST [11].
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Fig. 12 A2He 88 o]F5A°|E InGaAs TFET £24k2] 4
204 FEZgels} (Subthreshold) 548 EHEH Fig. |

(bl & 4= A %=0], A ZFE AA+= drain-to-source voltage (Vi)
=50mV ¢ |, 60 mV/decade®] =9 54 E@T&’i*tﬂ o]
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Fig. 1. (a) Subthreshold characteristics and (b) subthreshold swing
vs. drain current of the fabricated vertical DG InGaAs TFETs.
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Fig. 2. Hysteresis behaviors of the fabricated device.
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Fig. 3. Output characteristics of the fabricated vertical DG InGaAs
TFETs. (Inset shows the enlarged current behavior under
reverse bias conditions)
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Fig. 4. (a) AV with stress time, (b) stress time dependence of AV,

and (c) swing degradation for vertical DG InGaAs TFETs
under CVS and HCI stress.

8000

4.4 2

B AoME 473 o] FAo|E
InGaAs TFETS- A|2H613L, CVS, HCI 2E#] 20l th3t E3H 7|
5 S A6 AZE TFET £2H= MOSFETS] €4
A 292 60 mV/decade?] H A FEHYGo| st A2YF 141
mS/mme] E& EMNAAYE XA 7HS HojEnh, 9423 E4
S 7FA1E TFET &7k CVS € HCI 2EH 28 917}sta,
TFET o] AW Egfj o] a3 54
&3}

].Ukzq 1z4 u}n o=z F

52 A BdY 4

sisiet.

AE 7+

1:0

J. Sens. Sci. Technol. Vol. 31, No. 1, 2022



o]

Ji-Min Baek and Dae-Hyun Kim

HAtel 2

=2 2021 e AR G BRTAR)] Alde=

FFAFA e 2 7] 70 BAKY ©] A QS ol alE o

79

(1]

(2]

(3]

(4]

[5]

6]

[7]

(8]

(NRF-2017M3A7B4049517).

REFERENCES

X. P. A. Gao, G. Zheng, and C. M. Lieber, “Subthreshold
Regime has the Optimal Sensitivity for Nanowire FET Bio-
sensors”, Nano Lett., Vol. 10, No. 2, pp. 547-552, 2010.
A. Gao, N. Lu, P. Dai, T. Li, H. Pei, X. Gao, Y. Gong, Y.
Wang, and C. Fan, “Silicon-Nanowire-Based CMOS-Com-
patible Field-Effect Transistor Nanosensors for Ultrasen-
sitive Electrical Detection of Nucleic Acids”, Nano Lett.,
Vol. 11, No. 9, pp. 3974-3978, 2011.

G. Zheng, F. Patolsky, Y. Cui, W. U. Wang, and C. M.
Lieber, “Multiplexed electrical detection of cancer markers
with nanowire sensor arrays”, Nat. Biotechnol., Vol. 23, No.
10, pp. 1294-1301, 2005.

A. Gao, N. Lu, Y. Wang, and T. Li, “Robust ultrasensitive
tunneling-FET biosensor for point-of-care diagnostics”, Sci.
Rep., Vol. 6, No. 1, pp. 1-9, 2016.

A. M. Tonescu and H. Riel, “Tunnel field-effect transistors
as energy-efficient electronic switches”, Nature, Vol. 479,
No. 7373, pp. 329-337, 2011.

A. C. Seabaugh and Q. Zhang, “Low-voltage tunnel tran-
sistors for beyond CMOS logic”, Proc. IEEE, Vol. 98, No.
12, pp. 2095-2110, 2010.

N. N. Reddy and D. K. Panda, “A Comprehensive Review
on Tunnel Field-Effect Transistor (TFET) Based Biosen-
sors: Recent Advances and Future Prospects on Device
Structure and Sensitivity”, Silicon, Vol 13, pp. 3085-3100,
2021.

S. Kanungo, S. Chattopadhyay, P. S. Gupta, K. Sinha, and
H. Rahaman, “Study and Analysis of the Effects of SiGe
Source and Pocket-Doped Channel on Sensing Performance

J. Sens. Sci. Technol. Vol. 31, No. 1, 2022

44

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

of Dielectrically Modulated Tunnel FET-Based Biosen-
sors”, IEEE Trans. Electron Devices, Vol. 63, No. 6, pp.
2589-2596, 2016.

D. Sarkar and K. Banerjee, “Fundamental Limitations of
Conventional-FET Biosensors: Quantum-Mechanical-Tun-
neling to the Rescue”, in Proc. DRC, pp. 83-84, 2012.
P. R. Nair and M. A. Alam, “Screening-Limited Response
of NanoBiosensors”, Nano Lett., Vol. 8, No. 5, pp. 1281-
1285, 2008.

M. Yokoyama, N. Taoka, R. Suzuki, O. Ichikawa, H.
Yamada, N. Fukuhara, M. Hata, M. Sugiyama, Y. Nakano,
M. Takenaka, and S. Takagi, “Sulfur cleaning for (100),
(111)A, and (111)B InGaAs surfaces with In content of 0.53
and 0.70 and their A,Os/InGaAs MOS interface proper-
ties”, in IPRM, pp. 167-170, 2012.

Y. Xuan, Y. Q. Wu and P. D. Ye, “High-Performance Inver-
sion-Type Enhancement-Mode InGaAs MOSFET With
Maximum Drain Current Exceeding 1 A/mm”, IEEE FElec-
tron Device Lett., Vol. 29, No. 4, pp 294-296, 2008.

J. Franco, A. Alian, B. Kaczer, D. Lin, T. Ivanov, A.
Pourghaderi, K. Martens, Y. Mols, D. Zhou, N. Waldron, S.
Sioncke, T. Kauerauf, N. Collaert, A. Thean, M. Heynsl,
and G. Groesenekenl, “Suitability of high-k gate oxides for
M-V devices: a PBTI study in Inys5;Gag4,As devices with
ALOy”, in IEEE Proc. IRPS, pp.6A.2.1-6A.2.6, 2014.
Y. Yuan, B. Yu, J. Ahn, P. C. McIntyre, P. M. Asbeck, M.
J. W. Rodwell, and Y. Taur, “A Distributed Bulk-Oxide
Trap Model for Al,O; InGaAs MOS Devices”, [EEE Trans.
Electron Devices, Vol. 59, No. 8, pp. 2100-2106, 2012.
G. F. Jiao, Z. X. Chen, H. Y. Yu , X. Y. Huang, D. M.
Huang, N. Singh, G. Q. Lo, D. L. Kwong, M.-F. Li, “New
Degradation Mechanisms and Reliability Performance in
Tunneling Field Effect Transistors”, in /[EDM Tech. Dig.,
pp. 1-4, 2009.

S. C. Kang , D. Lim, S. J. Kang, S. K. Lee, C. Choi , D. S.
Lee, and B. H. Lee, “Hot-Carrier Degradation Estimation of
a Silicon-on-Insulator Tunneling FET Using Ambipolar
Characteristics”, IEEE Electron Device Lett., Vol. 40, No.
11, pp. 1716-1719, 2019.



	바이오 센서 적용을 위한 수직형 이중게이트 InGaAs TFET의 게이트 열화 현상 분석

