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Thermal Desorption Spectroscopy 7|8l =4 =H7|0|E

Hydrogen measurement guide using TDS

E X Thermal Desorption Spectroscopy (TDS)S o|&35to] 2 xw¥gto]] whet
g 249 JAYES AF SW5P] U3t Folck TDS Jwe vlEEA/

A QU2 Algotel AR 2EZ 23 o YEHE VNS FY 5ot A
2978E 7He we AFske Yot

o8

=242 139 (pickling) = ZAsl|A0Helectro-polishing)?} &2 AxIFS 1A o &
& A7) Uio] f47t ol of 349 UA 24 o] st oIR(EA Tt W
Mstct (=21 1), (bulk H; phase = adsorption = dissociation = absorption =

solid state diffusion = embrittlement) o]2{3F HIAIG(FA o] A2 oz &AH, A

& 2OopollA mie =X] ofE EAfRA ZAlEi flow, F VAU fLxEo] otyEEs &
Azket Apmol o] E7w gtrh Edh ¥reA, fAZo] 5 AT Hof oA vl
st FA|Ao| EAMstal Ql=0|, negative- bias-temperature instability, unintentional
carrier doping, reduction of ferroelectric capacitor & Q8A|7|= Aojst7] I=

7 oddorA g 9rt.

(a) Absorption from H,(g)

Cr-i5 1) Adsorption: H,(g)=H,(ads)
o—+=28 2] Dissoc. Rxn: H,(ads|=2H(ads)
@-—+=@ 3)Absorption: H{ads)=H(abs)

Zone

%UW ®-—»8 4)Solid State Diffusion
as e Y Emibrittlement
Phase =2 i TE]
H :-_E‘ 4y~ ~
- i (7 P70 5) \.,
Crack T s | " 4.11 A |
Atmosphere Py i
—___—___:_____.____“___._;,-'-- B g
i H :;_atat' _|
ydrostatic
| ,Pressure | | - St
Drop [ i |

J& 1. Hydrogen embrittlement scheme

ol2iet wAES sliAsH] Yot AA| 2oz 240 HFARI FHuUS HE5H] St

r2o] SIMS(Secondary Ion Mass Spectrometry), RNRA(Resonance Nuclear
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Reaction Analysis), TDS 59| 7|¥H-& A}835to] AIsig 1w Qict. Tigh SIMS, RNRACS] 7
Q. 24 BA9 FHA(~10" atoms/cm’), EHEAS 95t beam spoto] F7]of A|gtE] 1w
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I (reversible and irreversible hydrogen in surfaces and
}.

gota e, Al 25 mm =2 300 mm FLEo] Pt

2R AT 4 Ak A2 Letelun
ohUet elZoAe) T gl ATAYUC] B4 Ao Astel 24 579 FaAol
BoHE D 9l WAl gk
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e FAAAY Aol 712 E8E 4 S ALZ HEal Qo

1. 4844

of ol AAs mHe 454Ee AT A8HY, ARE AT W TARE B F
A8 245 A BE Lo t# 744 E (outgassing) 5401 BY AHE 7 &d ol
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AVS 002, Recommended practices for measuring and reporting outgassing data
KS A 3018, A1&-8&0] (A H TAL0I)

KRISS-98-096-SP, KRISS &A&&t: B3 A& (KRISS Guide to the Expression of
Uncertainty in Measurement)

ISO 21360, Vacuum Technology - Standard methods for measuring vacuum
pump performance - General description

ASTM F1113-87:2017, Standard Test Method for Electrochemical Measurement of
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Diffusible Hydrogen in Steels
JIS 73118, Method for Measurement of Amount of Hydrogen Evolved from Steel

Welds

3. 8019 E2

of AN AESH= ZIAIYE o &olv JdE&RFE W o9 HYE wEth PRt
o7t @l "l(total)” R "Ht(average)” @2 RSt &oj= ARESHA] e 1% A
Aoz 3t

3.1. 7|4 & (Outgassing) ZISYEIOIN 13 22 HHZEES 7|3 L=
Z7IAEE A4 (Outgassing flux): A5H}7] o] & 579t AlIZtolAl 1A 2 AX BH

g 71A1e] & [mbar.L/s]

o AT

‘&27]A| (Degassing): A5 EfoA =&l A}, KA}, o], FAL T4 F2 Fof gt
UA &2 7IAIZEE 1A Al

22| (Desorption): 1A AA mOIA ZAF AA}E, o=, AL 54 =2 FoYA[

ze
o) EAIE WA, BARY WE

L

3.2. 7|4|¥=E (Outgassing Rate)

AN LA =2 AFO] DAY, &9 WA(E52 2%) T HEEHE 7MY &
[mbar.L/(g.s) £& mbar.L/(cm?.s)]

*BHA (geometric surface area): W A7], 7|4 Au}f, =2 7|50 gzt B27g0o] ¢l
R BINERIES B

7MY EE (measured (52 net) outgassing rate): AX] FH 7|AYEE0lA]
_‘|

Al BA8shE SRS AR &4 7IAEEE

3.3. 7|AH&ZF (Evolved Gas Quantity)
212 olele & Aje] AR Ato] EF WEEL o] %

3.4, EEA| & (Standard Reference Material, SRM)

S4 5 WEHE 7lao] FRLS Aok FAE pAsted YRl He 2FEHl
=7 £330l gt JeEg sl

4. 44 Wl Yo

T 29 Zeer ol v m2IME AWM Zeo mel WaHE 549 TDS

5 g
spectrum 1Y 30A & & Q= ZAH FPA oz ©YU peak FEH F2 =9 peak

Fehe Gep oick



A / A
400 °C: 0.5 eV o
- Chemisorpiton
; : z Edes
- Linear heating ramp
i T =Tyt Bt
= For adsorption: T, =T,
E 0.1eV:80°C
R /
Physisorpiton
Tad
o

time

3% 2. TDS (OS] A2 A|ZH| O}E &2 1=

2060 1000
18601 - e | - 500
SE-0 [\li 1 800
guz-o.- \‘ 1 700
£ o 7 b e e
i i/ E
.Emm I 500 E
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S 80 H 00 F
\
i ;
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50 80 100 120 140 150 180
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& 3. Hydrogen spectrum taken from a TDS experiment
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o] 7tolEolA Aelst= 40 FAFAR A= a

25)RE FeAHZE) SQtol] sigshe WA vttty Fod & ot 7|A%

S BAJGHE SI @924 Pam/s £& mbar.L/(cm?.s)S =2 Al&st Q)

A&, siAd9] 7]Eo] @2t molecules/s WA= mol/s, mg/(kg.s). wt ppm/s

BAIE 4 ol

Spectrum®| peak®] sliEst= Z=(Tp= 49 desorption energyoll A4l A/

= 7HA1aL led, APAQl Arrhenius form FEfOIA F3H ot A (1)a} £t
din(8/ T?) E,

— . — des — = — —
ky,=A ¢ exp(—E/RT)= a1/ 7) e (1)



ZIMEEE 57 Al AH8-E|+= pressure gauge?} thermocouple 57 o|Ao] w7d2 s}
ojof st} A AL e EX 7Ao] U5t gauge wAo] £38El= 74 HWIEA] AAEET]
AWEE (equivalent nitrone outgassing rate)2 mA|stojol ity &% &X09] 7

& o &
AAElol chek ABo fuElolol B0, AR 25 L JIAYE dolEdl 3YS & 4

o] E0j ]/\14 —,—_/1\_7‘33*0 At ZAFEA 7] (Quadrupole Mass Spectrometer, QMS)
rch oot A AX9 EAHAEE R B

gees AUty 9t BE2US olgste] @y

MAlsto{of stoi, @ ‘371]01]*194 FadY 549 29792 NIST(National Institute of

Standards and Technology)olA] 5&3dt= SRME o]&3te =tH3stojo} sich Tigh

plate, rod & 7ol Wt 2= F4 Foo] o FY iﬁi. JJ Hﬂ"“ﬂ wol ¥

- gleng grea] o|xHARl B4 L=

o A AHEAEZ AAI7HsOl oA A bRt FofAtRtol EHsJ ﬂ%% >R & 4

Al Alerel A-87ds A7sHor & Aol ot GAlsH FoJAre)

stach

0|33t HuzRtAo= wre o]sl ul =X Q oy

HA7E YAiE O] Tkl & 4 Qlth A2 JEiE /XS] fgt power supply, A 3

7rS 93t cooling system, TSt &4 St measurement instrument, A]H 24t

12tel =3
871 Sofl tiet R EE EaHL AeAE GAEE R &Qlstofof ot

6. T4
o] 7tolEoAq ALE 1 9= TDS A|FAX|= I 49} ZFo] 3 A loadlock chamber,

main chamber, orifice chamber 502 JLAE o] )T}

Loadlock Chamber Main Chamber Orifice Chamber

unv
HV <‘S _ ﬂl _ > Specimen
ample Trap nit !
J‘ .

UHV

4!

[ ] ]

heating unit

o, Non- Contacting
T T Heating Method
o Sa.mpie holder

' GUI Data Acquisition System |

& 4. TDS system with a non-contacting heating unit



7} 2910] 7159 AR AL obefe} 2t
(a) loadlock chamber: A]®™ %8|, HV(High Vacuum) - main chambero]A2e] &4&
95t AW &), 24 AIZF BE R 0@ H45H2 913 monitoring

(b) main chamber: £&, UHV(Ultra High Vacuum) - IR(Infrared Ray) heater unit
2 TC(Thermo-Couple) A=F quartz A]®H holder, QMS AF=F (option)

(c) orifice chamber: A=FE2A  UHV - equivalent N, outgassing X8 orifice, QMS

A2, 1719 QMSE B S517] Y3t semi-remote X =4

, TC holeg =St

=

AlES 2= AdS Fagtsty] Yol ARt 22 S5 A AAE
St1l 9= quartz holder $Jo AAbstch A|HLE £ &4 Al Y-S 135to] £ 4ATH]
gap< SA|stHA] 2A10]A] A holder ¢o 1Attt IR heater= PID(Proportional-
Integral-Derivative) AJo]®22 zalslo] AF8AZ} Yot £, W7Zh logics =& Ja8sh
2 9t 715 "aso R sHAlw glojof dick

DAQ(Data Acquisition)= &%, &=, M/z, ion current 5 TDS #Ax|e R
= AARIeR 54 2382 4 Qlofof i, Eot £40 FFAJ] #A spectrum(A]R
Z2 2= gv)s A0l BAE 4 Qlojof it} BE HojE &

A

ARFEHEA GARC R AT Theet &0l Qlojof ot

1o
r{n

P

z
N

ku r

= Excel cvs formatQ

7.1 TDS System2| u#H

7.1.1 Throughput methodS A}25}% measured outgassing rates ZXst= H4$
orifice chamber ¥ main chamber?] 87|74 &9 &gt AX|9] calibration factorg A}
Aof etEstojof ottt Pressure gauge, TC 52 AMIo] wdd Z1& AREstofof s,

oz %= 4F AXEHes ==k »ES st AEFAFS A8gsto{or ook

Pressure gauge®] WAS 1SO 170259 @7lo] et AFH ARmEste 1Y
C-09-1-0040-2012 BxtM Q] YR =780l WAL AlX|sto] 2A9] Aty e 9x|s

CF QMS & 9Igdst 54 AX|Q] 74% calibration gasE ARg-sto] £7]AQ1 sensitivity &
geistolo} dith. 52 Al R heater] 5280 t}e AAZ Ax 57

Qx} Wol2 Apslo] St Sojof .

7.1.2 220 HY 542 {5t ARl NIST SRMO| 44 /& A 2 =S Ul
of stt}. IR heaterS 0] 85t SRMQ] &20of & £409] evolved gas quantitys &4
BAM5to] 240 gt calibration factorg F7]|"Mo2 AMAstojol sttt Gauge, TC,
QMS 5ol tier w2 7.1.19] 7|5 ©EH



7.2 A|H
Al 9]

Zkzt
7)== AFL5t= TDS systemo] m2t o A7 25 mm =2 300 mmOo 2 A3t
sttt A]H-E loadlock chamberoflA] A|&9] transfer manipulator ¢9f] Ax|® H=
o 9o 1 A7 25 mm TDS system?Ql A2 5 X 10 mbar, A7 300 mm
TDSQ! ¢ 5 X 10% mbar 0|5tz &3] ¥j7]gtc}t. Loadlock chamber®] 7 ZA<l
> 2 Fastelr] ojsto] Z71MQl OMS 82 Hsyol
ALF HojE o] 2of ARt
5t7] Y5t viewportE E6}of

=
=

S

A =

A

94
o]

_|_4

main chamberz9] &%
£ J1xe] wE A
9] 2ol U oo

o5 A= % ol% 4

rulrl rﬂrﬂ

Al
o]

7.3
ARl A2

AR

L

A3z
o AlH 28, 51 =Z2%, calibration factor 5 DAQ %A+9] 7]

QMS A|AtAto] T2t emission current, SEM(Secondary

=

AN = S
54 Was 4uR

]_

Ol

o oE
Electron Multiplier) voltage, resolution, scan speed, electron energy
ohat Wigoh APl EAY 4 9loDoe E7|MQl &AM spectrum o T}
2 sensitivity €Q1-& slojof Sirt.
Al Al Al £7d5HaLAE Sh= mass-to-charge ratio?} Al ¢F H=
QMS AAFS|ALe] AHA| 2 IHS &g
scan h0E, 100 =
s MBS A gt &

Ao &2 0lA 4 9l dominant peak

& sles sfof aict

4733kl
calibration

o

=

o

stod 200 amu(Atomic Mass Unit) 71A]9] analog
29 oddz stdslojof 3ol H20,
Hdo]l EAE & oz

S DAQ Aol 2sto] A

742 Quadera

spectrum-< =

=
2 e £

l

}-)

hydro-carbon olo

=

A
e
pe|
= -

] &4 A
]94 background spectrum2 7|

3 AT 5

S 5

.
A5,

Ao

3
Al

¢

74 2%
Loadlock chambero|A] main chamber® Alz o|& 4
7}A] 8j7]gtct. Orifice chamberof| A} oF 30804 3t
£ 9. Ae=7t S35 st ©A Ayt &
main chamberoAq A& 71E& AJAtsit}, o
background H|°o]E|-E DAQ oA AR &5 EﬂO]Eﬁl} SAlo =

s},

o v

O

Oll

E(net outgassing rate)g =%



DAQ ol &&= background AAE a4+ I3 6014QF Zo] ARF & =2
o2 spectrumC=z ZFAEHA Abs BAECD 4 YE AP OM] ZY

molecules/s, ions/s, mols/s =& wt ppm/s & 7t

Aol P 240 GE IRAANY AP A9 4 A

=X g% Alg% orifice chamberE @2 3 loadlock chamberz o]&35ich o]& O

7] vent B2 7% S0 AlgAte] 7] £of wlel w@ Ajelaict,

(P & Temp.) vs Time: SRM sample Ton Currents vs Time: SRM sample
1.0e+01 1000 1.0E-06 1000
— Background Remow ed
108400 00 10E07 *\ ht— 500
\ / 801
10£-01 800 1.0E-08 7 \ 0
E 700
1.0E-02 700 10E-09 /
I/
—~= 600 D
R z — £
g Lok 50 2 1% toete ECCE ! :
E £ 7N £
El o K g
= gt ~ 500 g
£ 10E-04 500 ® = S z
E [10.0% {min | £]o roen é
£ g g /,7 N\ 3 a0 E
& 1005 400 S
P = L0E-12 MR
\ 300
10808 200
,4 1013 S D Bkt I ISR RS 200
| M Bl
1.0807 4 74 \’_‘ 200 | i T
_%J T — HoE | { 100
1.0£-08 100 AN
(f !
1.0£-08 0 1326224 13:55:12 14:24:00 14:52:48 15:21:36 15:50:24 16:19:12 16:48:00
13:26:24 13:55:12 14:24:00 14:52:48 15:21:38 15:50:24 16:19:12 16:48:00 Time Stamped [hh:
Time Stamped [hh:mmzss]
[ p— e — S — P —y T —T T
W imba] 1 1 [mosrl  ——re,p  ——sif ——Toord] L R pp— (e g v p——

d8 5. AR &20| 2 A|ZF gjH] 218Kk, O|2 & spectrum

H, Desorption Rate: SRM sample H, Desorption Rate: SRM sample
2 2 L &
S0B+1S l ‘ ! 1000 506415 ' i 200
) _ Ba ocround Removed :
R "\ | Background Removed mitt s % /A\ = T
40E+15 & 800 40E+15 160
\ /
B5EHIS 72 A 700 gs SEHLE 150
\ // ”—nz HDR[mnIE:u\Es/T‘ £ \\\\
£ aoeas T L —eay ) %s*ﬂ[.;;s —‘ R FOR [moculesr 1 = o
o . D TC o) =
3 3 N - 2 ~ i
£ 258415 500 25EHS = 100 -E-'
/ \ I:g‘ ’ \\, -8
20E+15 = 400 z 200E+15 — - 80
/ \ ] T §u 1 ’ \ = o«
‘45K 300 SE+! 60
.SEF1S / / \ 300 § 5 ] [ \
SRS _ r e 1 /"//
e Most of sample H, desorbed: 200.8 °C ~ 631.6°C || 299 LOETS R T e 0
37877 x 107 molecules = 126.8 wi ppm || e
50F+14 { ! I : : 100 505414 — . 20
#1 __ | |
0.0E:00 o 008400 o
a 20 40 60 80 100 120 140 160 180 200 o 100 200 300 400 500 600 700 800 900 1000
Time [min] Tempearture [°C]

A% 6. AE S20| IhE AZF U 2= OfH] & T spectrum

7.5 ClIO|E| A|A|

IAGE AEE s, 2 52 SYIHY 2Fe= AAE & Qo AE mF(curve
fits)S dlolElo] A& #A|Stofop ottt HjojE AHH AAC]
A&, %A, history #d GJE 5 7heet o 3F 240 2o Ze 54 ¥4E At

= sjof st

Ol'
—_

7.5.1 I:1|°|E1—l A2 HA|

ZIAYE BEOIAYEE 52 7IAgED)e A & 52 2= 502 8#A

o
+
S
I



29| AL log-log &8 AS5HA|9F 7420 ©atA] log-linear, linear-linear 9]

o] *}%% # Atk o2 7hY S 5*101] stute] Z2fmol] mAIZ 4 UARE S

o

Wats] ggt AIZPY mubg Fopste & Qe sfof Itk AlRo] ofet Jejmo] 49 uf

Aol tht s FA0) ABL 5 AES ae)

75.2. GO|E{S] B HA|

NS BEOIAYEE B2 /IAEEHE B FHZ AY & 52 2% 502 [A|

& 4 9t BAo] Wad ARAR, 7|45 5 2H ARE EA0 AFsHo} dit.

AEo] et mO] ASE Jfmel upIAIR o] het ABES SAo) AR & e

= ait.

753. AR

ARl ofat AR, 5, D, 7518 @4 A, oA 712 Sof tha AUl AlRARgol
Fatol ofsf Al BEofof Fick 54 49 Hol: WAM o AR fat history FRI}

NAMES BAE gstel AlBEojop @tk 54 A WA history FRE age,

storage conditions (temperature, time, humidity, environment), cleaning or

chemical processing, handling and prior outgassing history & Z3tstal QIT}.

o

*®

2 Y Y

2r 2o A7 P04 24 AUYPS Q] 9Jste] DAQ AoIA background
noise A 7]5o] &AdstE]ojof 51, ESE background ¥ AZE A spectrum©| ZA|
of gleio] BAIEWA HEsE L £2 A7) Ha A 2E FoIAC] 4 Aol
molecules/s, wt ppm/s, mol/s S02 AlA]7F BAl mA|g|ojo} 3sic}. ojmf AlLEHE=
QMS= #7141 W5 7AAoF st, TDS AAl= ol 6/1d =22 RAESE A &
SRME o] &35}o] YFEA| calibration factorS A& stojof sict.

Quadera & QMS AH] m=z J=82 283510 F|4A 200 amu XA spectrum ArofA 9]
on current g EAMY 24 BA Ao Husts A ARAL. 5, Sold
hydro-carbon, H,0 & otAiAQl &4 fragment?] Q918 ©X|& 4~ Qlojof Sirh.

9. M BEHEL B

9.1 2
2r +15 Ko AHsrr g2 AAE|ojof sttt (Thermocouple Type R, S =& K)

9.2 9| HE

SI (Systeme International System of Units) ©@]9] A& 7|EAQ] Yrlozg st o
[e]
o

Q A] Torr, mbar, L (I), g, min, h ©@¢] 502 #&ste] LD 4 Qo 4= 4

_9_



Pa, HO= m’, BA= kg, AZHE s So] FA|HoR Mz D Itk 250 A9 Kelvin
(K) o2 BAIY 4 QX9 degree Celsius (°C)= AtES £ 9
e Wt
1 Pa = 1.0 X 107 mbar

SIS S wak
1 Pam®/(m?s) = 1.0 X 10 mbar-L/cm?

Z1A|WEE 93, pressure-volume units to molecules, or moles, per second per

unit area:

1 Parm®/(m?s) = 2.45 X 10%° molecules/(m?.s) = 4.068% 10™* mol/(m?.s)

1 mbar-L/cm? = 2.45 x 10" molecules/(cm?.s) = 4.068%X 10° mol/(cm?.s) at
296 K

A BATES FeE7] fE ol 7 IAIG AL
PV = nRT = NkgT
* n; number of moles, R: gas constant
= 8.3144598 [J/(K.mol)], relative standard uncertainty of 5.7 X 107/
* R = Nakg
Na; Avogadro constant, ks (k); Boltzmann constant
Na = 6.022 X 10% [/mol]
kg (k) = 1.381 x 10® [J/K = Pa.m’/K]

* N; particle count

93 2B

o

jI|T

9.3.1 Uncertainty of Equivalent Nitrogen Outgassing Rate

TDS ZA|E ol&d 7IAEEE 589 48 dU #Eed=rs 7IAGEY U540
I vhe sggstoel AR L ewAst 2 9 FFEss S slelsi,
st EutstA Ao A Hsist "EEste B3 X]F(KRISS Guide to the Expression
of Uncertainty in Measurement : KRISS/SP — 2010 - 105)79] w2l AArS 25~ Qlct.
W25 S7AYEE 540 Agshs Aol 2 ex 559 BT 29 52 15

=T v o
o oot Al (2)= ARESH AldZAe] i rEE S AMESit

u2 = Z 02 uz (2)

=
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QZC(PﬁPz)aC:KA\/ = (3)

Ct eejmao] AGHA, AL 0FuA WA, Le 0nAd £, db 0ua 1Y
A7, Pl 9 P2t £ A1F8710] 4, M BAIE, RE ol4ALolct,

371 Aol "igh S EEER = offie A ()= ZoAd 4 St

ug = Kb+ \[*2:;[ . \ﬂ\/—T(Pl—PZ)XuAPHA . 72\}_T (P =P) g+ (A e VTxup )+ (A o VTxuy,)? (4)

A28 & (relative combined standard uncertainty)= 441 (3)E A (4)2 R0 A
ofefo] Al(5)et 2ol EE3 & k.

u u u u u

v \ﬂ‘}f PG o q—pey g pyey (5)

o|l& E°JA], ¢=H] P1/P2 = 6.4, WA E=t: uA/A = 0.0001, &% 2% uT/T =
0.0075, 4= &&= uP1/P1 = uP2/P2 = 0.15 (Pfeiffer PBR 260)Q! 4<%, DA =ZS7|A
HPKE_] }\Hq1 2}51— ok 18.0 %= }\}KOP EaN oh:)r.

9.3.2 Uncertainty of Hydrogen Standard Reference Material

NIST 44 SRM(Standard Reference Material)?] 73-% 95 % Al2]A L7tof|A] 1.97 %9]
2=t S JHX]aL 9tk [NIST Certificate of Abalysis, SRM 2453a: Hydrogen in
Titanium Alloy, nominal mass fraction 125 mg/kg H, S§& 7|7t Oct. 31, 2034] TDS
&3t A% F42 AAez QMSO] £47]s0 oEsta jlew, QMS 717] AiA|€]
A EgEE A 2F2R AREALEOl HAMR R B4 9 A5 |7E EolsHR|7E ¢

accurate” A& £F0=F

9.3.3 %—i"i L=

=R ATo] st Al E Aol ofe} Be matsich
101 AlZTO) 7|54
a. oJ=)7|@, AFNE, AY

29 2
b. AL AR ABBH(RE L FE), AGo Al 4, HehHS
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c. A&

=

St TDS %X
d. AlRAT L ALg PRI Betw
e. A@ATS] A HolA| L A why
fA" BaAE 2 Agdget Hegcs 23
10.2 A R(sample)Q] HA|
a. Identity
b. Geometry
c. Mass, density, open porosity
d. History
(1) Duration of exposure to atmosphere, temperature, relative humidity
(2) Processing, surface finish, cleaning
(3) Handling

10.3 $£4a AT B (outgassing rate and evolved hydrogen quantity)
a. Surface (per unit area) or bulk (per unit mass)
b. Tabular presentation at 1, 4 and 10 h
c. Graphical representation, outgassing rate versus time (or temperature)

d. Equation describing measurements
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KRISS =
H-h“ 267, Gamong-ro, Yuseong-gy, Dealaon, faputiic of Yoraa I 82-42-868-0000]

AEH= (Test Iy 1808 25-fHLMS-001 1 page of 21 pages

i

AlgdH M
TEST REPORT

oi2| 7 {Applicant):
=2 (Addres)
AECHA Famplel 300 mm wafers
» HEE A D B A (Manufacturer 3 Model:
« MEHZ {Sample Mok
TV A} {Date of Raceipte 15t 2018 D& 74 & 2nd 2012 07 30
A R R} {Evalustion Dates) 2018 0719 ~ 0% 05

AELE {Descrption of Test)
® AEE (Test Chiedwer H 22 A 20 =20 T= outgazsng messuement (gusltathe 2 guarttstvs!
o AEE (Test Ste} [£1000 HES (Lab || =% Onsite)
= AlEBE-H (Environmental Conditiond
2L (Temperaturel 24 = 13 2C * A Clle = (Relative Humidityl (30 = 10 % RH
# Pre-conditions stored in the cleanmom as-receved
= AIEEE [Test Method)
* Char & "A|E S0 =X (n2d page)
» AEZIF Test Rezults)
*ChHe JF AIEE3 5= (nesd pagsl
« =EHH| Test Apparstus)
=[] sTDS vt § 25 mm sample
L OMT sersitvly cheded with @ siandard substance (5ir o calbratian gas)
& qumtem calibrated with AIGT SRV 24555 (1L.34 % urcerisimy. 55 % cowerage imtenal)
& quarddative measuremernt Escldicn: 1566 Wt pom (fydrogen)
L measurement urcerda iy (rougheut method! 18 % 55 % coversge inderval
*2] ATOS ut: 300 mm wafers
€ QM3 sensitvty chedeed with a standand substance (sir or calibration gas)
% systemn calibated with MIST SRM 24535 {1.34 % uncertsinty, 95 % covesge intensl)
€ guantitatwve mezsurement esolution; 13E-6 wt ppm {hydrogen)
< messurement. uncertsinty {throughpit methodl 189 95 % coversge interval
s Post-condiions: stored inthe deanmmom

SREEH AT aE

O T2 a}f {Executed by D00 O 7iEAF (Cesigned by 000
042-BEE-0000 04a2-862-0000

O LR} {Approved by} 00C
042-868-000C

s :ﬁﬂﬂ Hi';ﬂ'fdi ugs:-—;a*'n rm:—.; by hﬁm !

ra 4
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29 A4 W EHor e w2fo] "3t Hofo|tt. Throughput WHAMAE ALS
F7ot= AFA0IRE AT 4% AAES57IAEEE(equivalent nitrogen outgassing
rate)?] JfEgo=2A9 AIZF £ ot &, AAAOIX S AtEsto] 245 FAFEASH] ¢

st a40] tigt conversion factorg ARES F74utE EAsH Fofof sto, EAFGl

545 = orifice conductance ¥ 2%=0] Ojst B = Aoz HQst WazE 5 o

ACh. ESE throughput Y2 F% +400 of 715E9] Atz ek AlZF 3 2=
of

g 7] %
504 drag @40 WAMOR wlete sdto] gt 1A A AT oty HUE

=
ol2j3t $A2 2u3l7] st modified throughput WHe AEste] 24 w74z 2
hrste 2EE Aotstel AAESIIANEEY] SHANS HAr|HoR FY & e
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40 T3t sensitivityS Tiste] 4 BES Aiets WEe nAE 2 Itk ofe
Jhx] WS Esto] 240 Hast BS AW & YA Aoz BHE @1 &
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