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Radiation Defects of Si0, Films With Different Passivation Processes

SHENG Xing' MA Yingkai’ YANG Jiangqun®
(1 Chongging Giga Chip Technology Co. , Ltd, Chongqing 401332)
(2 Material Science and Engineering School, Harbin Institute of Technology, , Harbin  150000)

Abstract In order to study the characteristic defects of high—energy electron radiation of SiO, films for gate
dielectrics with different passivation processes, high—energy electrons with an energy of 1 MeV are used to irradiated
the SiO, films with three kinds of passivation processes (1,700 nm SiN + 500 nm PSG;II, 1.2 wm SiN;III, 700 nm PSG
+ 500 nm SiN) under irradiation fluences of 1X10" e/cm®, 5X10" e/cm™, and 1x10'" e/cm’. The results of Raman
spectroscopy and X-ray photoelectron spectroscopy show that the SiO, film with I and TII passivation process formed
amorphous silicon and dioxygen ions. Fourier infrared spectroscopy results show that the SiO, film with I passivation
process formed A, A,, B, and B, defects with unknown defect structure; SiO, film with IT passivation process formed
A,, A,, B, and B,"defects; SiO, film with III Passivation process formed A,,B," and B, defects.

Key words Passivation process, Si0O, film, Defects, Electron irradiation
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Fig. 1
different passivation processes irradiated with different fluences

of 1 MeV electrons
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Fig. 2 Fourier infrared spectra of SiO, films with different

passivation processes before and after 1 MeV electron irradiation

with different fluences
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Fig. 4 O 1s XPS spectra of SiO, film in II passivation process before and after 1 MeV electron irradiation with different fluencies
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Fig. 5 O 1s XPS spectra of SiO, film in III passivation process before and after 1 MeV electron irradiation with different fluences

— 150 —

FRAMET L htp://www.yhelgy.com 2021 4

5



3 #ig

T4lAL T 20 5 Si0, WA 7E 1 MeV 48 B
MR IR A E] 1X10" e/em® B, H R0 AR 5 Si0, )2
HIE AR RO AR df ik (-Si) S 9HOK i (ne-Si)
S R IIURL , HLIE U B 25 A R RTET A (A, B &
B, i 5 TLAEAL T 25 i Si0, Wi 7E 1 MeV 55 1
Jei , 24 50 R T ) 5X10" efem® I, AR AT 4 SiO,
JZ I A A R AR F i (o=Si) S 40K i (ne—
Si) &2 & MR IURL , JE B BE 45 H AR EY A, B, L% B]
i B TTLBE AL T 0 A i Si0, WEBREAE 1 MeV i 1
J5 3 ATV b i A AT 55 R 5 AR 1 L 4R 18 o S ke
B, (OB BB S5 AR R B A, (B K BB

Sk

(1] 2410 . Si0, 40 b ek B 408 45— Mg 7 1 45 g 4
FELD . P42 P92 B T RHOR 2008,

PENG Shaoquan. Research on SiO, dielectric material radiation
damage—noise test structure[ D ]. Xi”an: Xidian University , 2008.

[2] LIX, YANGJ, LIUC. A Technique for characterizing
ionization and displacement defects in Npn transistors induced
by 1-Mev electron irradiation[J]. ITEEE Transactions on Nuclear
Science, 2018, 65(1): 539-544.

[3] YANG J, LI X, LIU C, et al. The effect of ionization
and displacement damage on minority carrier lifetime [J].
Microelectronics Reliability, 2018, 82(MAR) : 124-129.

[4] ARTIER E C, STATHIS J H, BUCHANAN D A.
Passivation and depassivation of silicon dangling bonds at the Si/
Si0, interface by atomic hydrogen[J]. Applied Physics Letters,
1993, 63: 1510.

(5] 2043 B HTRURG 2L G4l F L IR S 452 40
PLEEID ], 7RI - I R Tl K2, 2010.

FHIMEIT.Z  hitp://www.yhelgy.com 20214 4554

LI Xingji. Charged particle irradiation effect and eamage
mechanism of bipolar devices for satellites [D]. Harbin : Harbin
Institute of Technology, 2010.

[6] MEHDIYEVA R, HUSEYNOV E. Effects of neutron
irradiation on the current — voltage characteristics of SiO,
nanoparticles[ J]. Silicon, 2017, 10(1):1-5.

[7] LINY J,HUNG C C,HUANG J S, et al. Electrical and
surface properties of SiO, films modified by ultraviolet irradiation
and used as gate dielectrics for pentacene thin—film transistor
applications [J]. Chinese Journal of Physics, 2019, 61 (10) .
248-254.

(8] 24—k . FEHE MOS #5111 iy 5 e IR AN 73 A [D .
POZE P2 TR R

LI Yitian. Analysis of ionization radiation effects of silicon—
based MOS devices[ D]. Xi’an: Xidian University.

[9] NESHEVA D, PETRIK P, HRISTOVA-VASILEVA
T, et al. Changes in composite NC=Si=Si0, thin films caused by
20 MeV electron irradiation [J]. Nuclear Instruments and
Methods in Physics Research Section B: Beam Interactions with
Materials and Atoms, 2019, 458:159-163.

[10] KASCHIEVA S, GUSHTEROV A, ANGELOV C, et
al. Effect of MeV electron irradiation on Si-SiO, structures[J].
Journal of Physics: Conference Series, 2014.

[11] HRISTOVA-VASILEVA T, PETRIK P, NESHEVA
D, et al. Influence of 20 MeV electron irradiation on the optical
properties and phase composition of SiO, thin films [J]. Journal
of Applied Physics, 2018, 123(19):195303.

[12] Ma Y, Jiang D, Dong L, et al. Transformation of SiO,
to Amorphous Silicon Caused by High—energy Electrons [J].
Nuclear Instruments and Methods in Physics Research Section
B: Beam Interactions with Materials and Atoms, 2021, s 494—
495 29-33.

— 151 —



