J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 38, No. 2, pp. 187-192 March 2025

doi: https://doi.org/10.4313/JKEM.2025.38.2.9
ISSN 1226-7945(Print), 2288-3258(Online)

A2|2 MOSFETs2| &5

of

Al

Regular Paper

Study on Multiple Post-Metallization Annealing for Enhancing the

Performance and Reliability of Silicon MOSFETs

Sang-Min Kang', Yu-Jin Choi!, Hyo-Jun Park!, Tae-Hyun Kil', Ju-Won Yeon!, Moon-Kwon Lee!,
Eui-Cheol Yun!, Min-Woo Kim!, Su-Jin Jeon', Moon-Seok Kim?, and Jun-Young Park'

! School of Electronics Engineering, Chungbuk National University, Cheongju 28644, Korea

2 Department of Semiconductor System Engineering, Hanbat National University, Daejeon 34158, Korea

3 ParkLab Semiconductor Inc., Cheongju 28644, Korea

(Received October 18, 2024; Revised October 31, 2024; Accepted November 11, 2024)

Abstract: Post-metallization annealing (PMA) has been employed in silicon-based CMOS fabrication to enhance MOSFET

reliability and performance. However, although deuterium annealing can reduce interface traps between the Si and SiO- gate

dielectric, it remains insufficient to fully passivate these traps. In this context, a multiple PMA process, including additional

hydrogen annealing, is proposed to further reduce dangling bonds. Silicon-based MOSFETs are fabricated to verify the proposed

annealing process architecture. Electrical characterization of the threshold voltage (¥1n), subthreshold swing (SS), on-state

current (/on), and carrier mobility (1) is conducted to investigate the impact of the multiple PMA. This study provides a guideline

for PMA in MOSFET fabrication, with improvements in both performance and reliability.
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Fig. 1. (a) Schematic of the fabricated MOSFET on a silicon wafer,
(b) summary of the fabrication process flow (the fabrication consists
of both the device fabrication stage and the MPMA stage), (c)
transmission electron microscopy (TEM), and (d) energy-dispersive
X-ray spectroscopy (EDS) images of the fabricated MOSFETs.
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Table 1. Summary of device information and annealing conditions
for experiments.

Process Parameters Values
Gate length, L¢ 30, 35, 40, 45, and 50 pm
Channel width, Wcn 250, 260, 270, and 280 pm
Device - -
. Poly-Si gate thickness 170 nm
size
Physical ielectri
ysica .gate dielectric 30 nm
thickness
Annealing temperature 300C
Annealing pressure 10 bar

Gas mixture for 15 PMA (%) N2:H2=96%:4%

MPMA
Gas mixture for 2" PMA (%) N2:D2=96%:4%
Annealing time (min) 60 min
Number of MOSFETs (#) 48
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Fig. 2. Measured (a) transfer curve (/p-¥s) and (b) output curve (/p-
Vb) characteristics of the fabricated MOSFETs with after device
fabrication, after the 1st PMA using deuterium, and after the 2nd
PMA using hydrogen.
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Fig. 3. Extracted device parameters such as (a) threshold voltage (¥rn), (b) subthreshold swing (SS), (c) on-state current (Jon), and (d) carrier
mobility (un) with after device fabrication, after the 1st PMA using deuterium, and after the 2nd PMA using hydrogen.

PMA 0]%, 9F 19.43% 9 23.12%9] 71591 7jAlo]
At MetA F44F 1A PMAS AJist A4S
FOe g stof, 4 2%t PMAE 7} Aljsttd, AW
&y AlA, 22]aL o] 5 St &3 7HAdof] i e A Y
& 4 AT

ojg|et HIAHYSE2 11 4(a)oll HAI5] EAIE] o] Qlot.
A, FUE Seae d2 AG F R BE %6}04, SiAfd
% SiO; AlIo| E AAo] AW =2 £ QT [17]. &
A S4tE] o] Alo] E A Autut A2 Fof AHA Si-
A2 ez AH At AATH [1™ 4(b)].
6%]‘3} A5 AAER] 2t AR AU 22 225 F
}PMA g oA Si-H 751*0] J9=HH AAHT
Ao AFEE Axte Ee] A Aol

O‘OL} £ “EJ%%J Ql(grain)
, A& s &t

tjo mﬁ ;‘.: fon

)

Diffusion
a b o Si I(c + -Si
(@)  PathA Diffusion (b) n* poly SI‘ (c) n* poly-Si
Ti e 2
: u:".tal'o.“.' o WS
> o A
|
si si

Fig. 4. (a) Lateral and vertical diffusion of hydrogen and deuterium
for interface trap passivation, (b) deuterium and passivation at the
Si/SiO: interface during the 1st PMA, and (c) additional hydrogen
passivation of interface traps during the 2nd PMA.
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