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Development of Measurement Method of
Outgassing and Hydrogen Evolution
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The impurity measurement, diagnosis, and analysis technology
including hydrogen is an absolute prerequisite for developing
materials such as metal materials, increasing the yield of
semiconductors and display processes, and improving the reliability
of products. Globally, outgassing measuring equipment and
technology have made many progress mainly on the throughput
method. However, there must be many errors in the hydrogen
measurement and analysis because of the restriction of hydrogen
effective pumping speed and re-adsorption on samples with the
throughput method. In the case of global hydrogen measurement
and diagnostic equipment, technology development is under
way in which hydrogen measurement and analysis are performed
with direct or indirect heating method excluding the throughput
method. Recently, the development of the best TDS equipment,
which adopts the indirect heating method to prevent errors due
to the re-adsorption, is domestically proceeding. Study on the gas
evolution based on those technology developmental issues, and the
current status of measurement method, analysis, and TDS system
of hydrogen and desorption energy are briefly introduced.
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Figure 2
Post-launch image
of the calibration
lamp degraded by
contamination.

Figure 1
Pre-launch image
of the calibration
lamp.

Figure 3
Post-launch image
of the calibration
lamp after camera
heating.

CCD images affected by contamination due to the NASA
Stardust outgassing
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U aid e ds st Hd side] A=t ofyt

T A= G uH|A Bk, ee— ¥
TDS (thermal desorption spectroscopy) HH-< 7] ' . 9 (% )
AYES 22N BT B D ] 155l = wmi |- *@5 oo
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analysis), TDS 5°| 2 <=4 Qlct. date] =4 =74 S5 A3 dFS F= T 7IAFRSEA
of AH&=L 9l= SIMS®F RNRA A9 =4 54 4= 27] 4H9 7| (initial gas), 3874 (process gas
oF 1018 atoms/cm3©]X|TH5, 6], B2 Z3HE bulk load), "Al¥F=(leaks), 7|A¥F(back—streaming)
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Adsorbed particles with different binding energies

will desorb at different temperature.

400°C:05¢eV

Chemisorpiton
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Linear heating ramp
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For adsorption: T, =T,
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Thermal desorption spectroscopy
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o =1 desorption from surfaces

o =1 metals, glasses and ceramics

o=~04~0.38 polymers
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Measurement Method (TDS &7 HiHl):
throughput and modified throughput methods

TDS #42 93t throughput method, conductance
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Fragmentation of small molecule: CO2 + e- (70 eV)
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Throughput Method: AVS 002

N, Equivalent Outgassing Rate

In the case of thermally desorbed outgassing:
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Theoretical Background (0|2X H{Z): spectrum
integration method
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Outgassing measurement: throughput method
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The graph taken from a sTDS experiment
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eq.: W. Y. Choo and J. Y. Lee: Metall. Trans. A 134 (1982) 135-140
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* an Arrhenius form

[Fig. 7] Outgassing measurement: spectrum integration method

temperature)®] AHEH oA tehA Hef, o
gt o2 o]gfgt AFMEYLS Arrhenius form FE|Q]
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[14].
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LE), v. pre—exponential factor, N: number of

molecules per square unit (EFHYUE), x: desorption
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[Fig. 8] Desorption energy simulation: embedded in IVT TDS system
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A exp(-E,% | RT)

/Arthenius' equation gives the dependence of |
 the rate constant of a chemical reaction on the
|absolute ap: factor
\and other constants of the reaction. )

order (B2|¥r-3Al%), Eg.: desorption energy (22|
UA)), Q: coverage (§%8), T; surface temperature,
k: Boltzmann's constant, R: gas constant,
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{a) Absorpticn from H,{g) 4 Semiconductor Industry: hydrogen, the most unavoidable and
__‘\f:’.;m":;:‘;ﬁm) uncontrollable impurity — contamination during fabrication processes
©-»e 3) Absorption: H(ads)=H(abs)
#-=# 4)Sokd State Diffusien
e 5) Embritiement . Hydrogen
4 .K..“ - results in negative-bias-temperature instability, unintentional carrier doping,
e \ % g .
“:or;;:m {0 b - 1‘4"%"/ ) reduction of ferroclectric capacitors, and so on.
‘ ;;a ";; J A low hydrogen concentration (~10'¢ atoms/cm?) in oxide semiconductors
= Pf;::" ki | - results in unintentional contamination affecting the device performance
. et * Phys. Rev. Lett. 88, 043504 (2002)
o« AA XA ]| SHOF B QL2 CHEEO| AXH R Moje =
;‘“‘6}}-" ‘i;jgi =SB R OfLEE TR ol AFH, AECIA O =2 To address above issues;
o - electron spin resonance - infrared spectroscopy
IH Eo| 24 A A0S ol = .= N "
?3 = 0:| B X}LEOII TS E}z’} AofLte 2 jlﬁl L} #EE0| - Raman scattering spectroscopy - secondary ion mass spectrometry (SIMS)
oy sl = S dZbet AL DO Hel0] & 7|E%} - resonance nuclear reaction analysis (RNRA)
24 ofts B4 B3] 23 2 4(stress corrosion)S £ Zlgt - thermal desorption spectroscopy (TDS)

* lots of references

[Fig. 9] Representative hydrogen desorption issues

dHog 24T £ otd YU E T = Aot FIrt FHHOE PR UA Feoll FFS uRE £
£ A2 =gt =E[15] AolA 7] E3E 2"ERY  dES A, AT % AojF = e W € AL
oA &3 Al 1Y raw dataRHE 528 U W 23] /LI St} IC &% AE(feature) 27|19 FS-
o dget= o2& 5o WE 7M1 (29 8]-Y A o]u] 50 nm ©FFR MYstaL lom, &7 Aol 3
gk Ak Al 7H9] trapping sited]l diFshs EEluA= FE HAE AF 279 48 4 2719 1 nm 9]
247} 96.60/51.55/77.32 kJ/mol FEOE =HoA T& 3 A7)0 QFE(G420 AL, 74 pmE 24, Ag °
ok gt A AR 2IE IS = qlgleH, ojggt 1 Aojdt 4= whof| Gl AdSfolnh [29 9lollA & £ 9
2 DAQ SW FHIZ 7 g =lojA A IVT TDSel = AAE 559 4 Y 5 acloH ¥ied|/t
HEE o] = Aol st Zdo] 349 txF QFEQ ¢4 HE AN &
Ask 4= = AH| R A =4 B3 7](hydrogen probes,

Hydrogen Desorption Issues ($AE2] 0|4) barnacles) 5 & 4 UAT trap siteo] digt &9
Uxje digt SE3 RS AlFskA| Zetchs 936,

HHEA] IC (Integrated Circuit, JAIR) &2 & reversible trap?] s=2] A§H17] 5ol 2 SAAH]

Hydrogen Evolution: NIST 2453a, 181011 ~ 18
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Hydrogen Desorption Engr_[zy: NIST 2453a, 181011 ~ 18
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[Fig. 10] Results of quantitative evolution, and desorption energy measurements of hydrogen \ i
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Wafer Sample #2

< g
E 6.0E-09 E
3 4.0E-09 g
20609 £
0.0E+00 2
m50 5.84E-102.15€-11 151F-102.44€-11 3.46E-10 1.29E-05
=100 6.116-10 1 776-11 150810 236611 356610 1326-0¢ (MH ) SiF (Ammonium fluorosilicate): /n-situ M™ &
=150 6.36E-10 8.556-12 1 52E-10 2.31E-11/3.63E-10 1 31E-08 J ﬁA 2 &
200 6.38E-10 1.75E-11 1.48E-10(2.66E-11 3.75E-10 1.32E-05 .
M250 6.14E-10 2.31€-11 1.52E-10/2.84E-11 4.02E-10 1.33E-0¢ 85 : SI F4
m300 6.23E-10 2 09E-11 1 57E-10 2.92E-114.19E-10 1 37E-08 - 86; 5%, 28; 4%, 33; 4%, 87; 3%
m350 6.45E-10 2.17€-11 -1 55E-1 3.72€-11 4.97E-10 1 44E-05 -I 7 . n H 3
m400 6.51E-10 2.1BE-11 1.67E-10 5.60E-11 7.44E-10 1.73E-05 :
m450 6.87E-10 2.0BE-11 1.96E-10 1.34€-10 1.63E-09 2.86E-05 - ] 6! 80%, ] 57 8%, ] 47 2%, ] 81 04%
500 1.07E-09 4.956-11 5.98E-10/1.24E-09 1.46E-08 1.82E-08 ] 8: n H4
Mass-to-Charge Ratio[M/z]
[Fig. 11] Characterization of 300 mm wafer residual gases dependent on temperature
. OF Ol OF
240 A7 A ZHAL Q. &, 529 reversible) 2 X TY
irreversible®t 40 A8k e T 44 WE,  TDSE EY Al @ Soix) ZRE AT 5 9
2= L =z = o) = o O = o H S O o H S
geoiix|, LEe] FHHL oleF 5 HAHA 4 L vl 85 ERHOR BX FL oL BAY

S8[19 10, 1115 7FA AL Q1= A= TDSo|| =gt
3 sk 4= Qi [18].

Ideal TDS
@ Valve2 @
| 1 :
Pl c|\ P2 ( ‘
Loadlock Loadlock
Chamber X Q2 Chamber ‘
I\

Valvel ‘:ﬁF-': T Tvalwes Valvel ‘:ﬁfr;':

TMP1 T™MP2

S rH

q
q
L upgolXa, 27b8 02 B3balo|n Yugt
N g B9 845} 242 B 915kl AES

f o

sTDS

| "’:‘-H-f:" Valved

i If valve2 CLOSED & QMS1
IvP2 only, sTDS = ESCO TDS

TMP1
frDs cTDS
|1P1 © ‘ '
Loadlock i T.oadlock ~ - -
Chaber 2 :@ Clamber R-=DEE DS
Vallvel %ﬁ [ =><_|valve3

TMP1 T™MP2

[Fig. 12] Various types of TDSs dependent on the main purpose of user
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¥ 54 olYfolli= GOMS 715714 Zahet 4 Qe 4
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