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Abstract

Since Integrated circuit (IC) was invented in 1958, density of devices follows
Moore’s law which means that the number of device in the same area is doubled every
eighteen months. Lithography is an important factor for continuous scale-down of IC
technology. However, below 10 nm technology node of the IC manufacturing, the
extreme ultraviolet lithography (EUVL) technology is the most likely lithography
technology to be employed. Lithography by extreme ultraviolet (EUV) light source
will make the device be directly exposed to irradiation so that the radiation damage
can’t be ignored and should be considered carefully. This thesis focuses on the effect
of ionizing radiation from EUV light source on random telegraph noise of
NMOSFETSs.

After exposing to extreme ultraviolet radiation, the characteristics of NMOSFET
exhibit many significant changes including variation of Ip-Vg characteristic,

increase of leakage current, shift of threshold voltage, change of the time constant of
iii



random telegraph noise, and induce of random telegraph noise phenomenon. These

variations of characteristics imply that the number of traps in gate dielectric, in field

oxide of shallow trench isolation, and at the interface between gate dielectric and

silicon increase after exposing to EUV. Random telegraph noise (RTN) phenomenon

may be arisen on devices without random telegraph noise phenomenon before EUV

irradiation, which resulting in increasing instability of the circuit. Furthermore, we

found that the emission time constant of the EUV irradiation induced random

telegraph noise trap has two quite different values. It may change from less than 1

second to longer than several tens seconds and then change back to less than 1 second.

This phenomenon can be explained by the charge state of trap in HfO,. Therefore, it is

suggested that the EUV irradiation produces trap which generates random telegraph

noise in HfO,.

We conclude that RTN resulting from EUV irradiation would be an important

factor for further research especially when device is operated at low power and low

current level.
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5N E R
p(x) = e (2-3)
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PR 230 AEEEAE R REEIERERATE DT G 29% -
2-3-2RTN £ 72 82 2855
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BRAEERRESORE A 246 BIS00A ¢ chjk A5 4 4 B[P BRI EE
(WGFMU) BI530A Hin ™ 14 i &ig i e 4> BLS30A e fif 5 b § 7 i 71
100 MHz ~ B~ gL ™ 12 7] 4%10° B gL 2 i £ RIF] LnA hf e » et 7§ 0
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ox2 g dv dVg ) \ dV,

FRATTF R sl B g P O A o
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Inseion Device Magnet
(Wiggter / Undulaiov)

' "::\'\\
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2

B 2-1 % NSRRC *? ) 4vig B
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Sextupole M’U“" Quadrupole

Magnet  pr ¢ ayity

.
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Beamline
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iF f

Bld NSRRC b3 ik o

o ®itor ‘
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A wlps‘?'ﬂ‘"

Transport Line
—8

f—y% \.9

Current meter

pump 1

Main chamber
Turbo
Differential chamber Photo diode -
] 1 o]
Sample
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=
Turbo pump 2
Scroll pump

Bl 2-2 ()% ¢ * chviRl B B BE A
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®(b) 5 7 48

— | —
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—— ——

AR HATR R REE RS
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B25 ZF2-kTkiprfiELr k[39]-

16493R-101/102 This makes current return path.

Gate DC probe
Drain DC probe

Well DC probe
Source DC probe

16493R-101/102

Gate Drain This shorts Well and Source.
Signal Signal
]
Gnd I Gnd
Well Source

B 2-6 £ RTN #7% Jimes L R 2 30 420% > o TR G/ E o
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BARAT A PR AR S T {5 R RTN f7n i Gt di o 2 i s w00 i8] 8
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BYREFEERLZ0LIuM TR S 0.2 um é= i B i11p-Vg 45 148 3-5) -
Tk TRFL AT DT S B 20mMVo A BT f A

ABE T RET LR AL R F) N E RS Field oxide 1 2 EUV BB 518
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3-8 97 frA AT - o BB R eRSE TG S A L o

NMOSFET /i 70ml/cm? chp s34 14 5% (4 4o 3-2> ~ g s §.%

Plig st Em e > RTN 382 QI ERSHE TR gF AT A T it ¥
WFie BT M g S PR Y Boeng i o
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F65-19mV o @ BB T i Ap ot ] B (70 mifem?)ehfE A 4r 2T R b iga
REAFHRM AR ERIEH: PP rE R T R R 2P A G T L R A
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WL & 0.lum~ T A& 0.2um i & D # 1p-Ve 2 4eF] 3-12 #57 » 7 12
F P TRk LRG0 20mV> off-current F 2 29 &> @ =t R 15/ 71.03
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Eq.3-1 4 & PSD g2 54

(Eq.3-1)
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NMOSFET 5% 500 mJ/cm? | £ e 5482 A 4c £ 3-3 5 A 19 5 1 4p st
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HAv 64 ot P B E RS A L - > L qR R g _70.47 mV/decade 3 v T
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RTN % it 4o 3-17 > # 4 T HA P> - RFZHE L EXF0 § 4

Praktal TR @ SR ¥ B E 0 MAE SR e PSD el 3-18 0 BB S
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mJem? éna 2 ¢ 3 4 > EimehA T M- T - o] &0 P o R 3-25 £ % &
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%031 2 faHE T TR phA 2 2 3 RTN R 4 cha 2 fep 7 o

#) £ (mdcm?) 70 500 1000
2R~ * 30 30 30
BB S 5% 5 RTN eh= i dc 2 3 2
e otis 1 4 RTN chr 2 dc 0 1 2
% 3-2 @54 70 mI/cm?EUV # 14 eh 2 4 A 43 o
#| & 70 mifem? A B
(it &, BT R) (0.15um,0.2um) (0.1um,0.2um)
) ‘ PR 5 5 0.552 0.49
b, PR B 15 0.53 0.47
=% fet He e PR 5 69.9 76.91
(mV/dec.) PR B {5 77.47 81.47
RTN 3 # % & RS ST ENES RTINS
PR B E R 7 -
% 3-3 & &4 500 mIcm*EUV # {4 éh~ i+ 4 A o
#| £ 500 md/cm? C D
(it &, BiR% &) (0.15um,0.2um) (0.1um,0.2um)
‘ B 5 0.541 0.535
R PR B 14 0.52 0.515
% fe it oty B o 69.46 71.03
(mV/dec.) PR S 14 77.27 80.42
RTN 3 2 %3 ERES ST = Tk % 5
PR MR E R e 7
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% 3-4 B &+ 1000 mI/cm?EUV # {4 ch 2 A A 354 o

A€ 1000 md/cm? E F
(Wit &, iR R) (0.15um,0.2um) (0.12um,0.2um)
o BB 5t 0.61 0.613

RALEM e 0.581 0.593
= TeR HtE BB 5t 70.47 78.99
(mV/dec.) PR S 14 78.57 92.47
RTN % 4 % # FERCE ST T SRR R
PR F B } #

% 3-5 P& & 500 £2 1000 mJ/cm?EUV 4 & 4 RTN eh= it & A o

15 543 & 1 RTN G H
(it &, BieE &) (0.1um,0.2um) (0.1um,0.2um)
)£ (md/em?) 500 1000
/ B i 0.474 0.586
RRLEM e 0.491 0.556
S TR BB b 71.28 70.46
(mVi/dec.) B i 15 95.7 80.35
pSD 5 F‘HT'T #if-1 #if-1
B b 15 12 Hif-2
RTN % 2 7 & %> RS % > H B
ik iR B (nm) 1.81 1.618
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2.32
2.28
2.24
2.20 . : : :

— pita V=08  =107E-01 1=3.99E-02
— M5 V=08 1=58E-02 1=3.01E-02
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