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Verification of Direct Correlation between Hydrogen and Reliability of Silicon Oxide Film
Using Nuclear Reaction Analysis
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Silicon oxide (SiO,) film is employed in many devices, including as a gate oxide film in metal-oxide-semiconductor field-effect transistors (MOSFETSs)
and as a tunnel oxide film in NAND flash memory cells. Although a model has been reported attributing reliability degradation of these devices to the
migration of hydrogen incorporated into the SiO- film during the semiconductor manufacturing process to the SiO./Si interface, this has not been
experimentally verified so far.

Toshiba has now quantitatively verified a direct correlation between hydrogen at the interface and reliability degradation of SiO, film for the first
time in the world, through demonstration experiments using nuclear reaction analysis (NRA) based on the comparison of MOSFET characteristics and

hydrogen depth profiles estimated by NRA.

1 FAH&E

MOS (&g IR 84K) bT v D R5 O 7 — MR
NANDE 7S5 v T2 XEYD Y FIVIEIZIE, EVASTENE 2
DI A VEALIE (SiOfE) DS TH D, TNHDTINA A
DEFEAILE KFELIHELMHE»H 5 2 EDHON T
bo BIZIE, E—FHBEHEFIORERENS, SiO: A E A
SNBHAIHEL72KFIESIO/SIFHEICEELRTL, Z0
R & UCTHIE TR ELAEZ ) HO A iAsie 2, vyary
(Si) KAEAFICE DR ET D ZEDBHLPIR 5T
LU, LA LKZER, HEOLSIOHEE TR TIE TN, AN
D|RANIATHTH 5720, KFELTNAABEELILED
HEZWSICT L% R, KELZBREDPOESHEDD
EEEFIDO WA TE AR E: (NRA : Nuclear Reac-
tion Analysis) ZFIH L THEDT W5,

—%, NRATIZ64 MeV EVIABLANF—DAF o E—A4
RS2 HV 5% B E253x10%/cm? 2B 25 & 734 A1
WL TOBRBRANALFEEFEOVERNRHZE LT, NRAJMEH
WK EDTHEE T2 L MmE L7205 5%, BRI
A =2 AT SN B L, B ORTF LD

(GE¥1) 2013%F9A, 2013 International Conference on Solid State
Devices and Materials THX.

(X2) EBERICKLST PNEZERTITROEFRELONEDOHE
ZEHEITBHE.

32

[T

—/ \_
INE=2iLY T

el L

BHRAFVE-L
SiO, f&

MOShZ> P A&

REHPOKKHTIE O R

1. NRAZBRWEFHESEDI T b — R0+ e—n%s8
F—=r LYY TR MOS b v VRS NIBG$5,

Conceptual drawing of evaluation method using NRA
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Results of measurements of hydrogen depth profiles by elastic recoil
detection analysis (ERDA) and NRA
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Gate leakage current characteristics of MOS transistors before and after
ion beam irradiation
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Changes in interface trap density before and after ion beam irradiation
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Dependence of interface trap density on constant current stress application
time with positive bias
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Dependence of ratio of interface trap density in wet oxide film to that in
radical oxide film on constant current stress application time with negative
and positive bias, and energy band profiles of wet oxide
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Mechanism of interface trap formation due to ion beam irradiation
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