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Operando hydrogen microscope (OHM) is an original hydrogen visualization equipment using electron stimulated

desorption (ESD) method. In the equipment, permeated hydrogen atoms through the sample membrane are ionized by

incident electron on the sample surface, desorbed into UHV environment and detected. By using the electron source of

a scanning electron microscope (SEM) as the excitation source for ESD, we visualize the surface hydrogen distribution

from the hydrogen desorption position. In the paper, we used OHM to visualize hydrogen leak position in standard

conductance element (SCE), which is a filter of open type standard leak. As an example of measurement, we also

identified the location of a leak in a sealing device.
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Fig. 1. (color online). Schematic diagram of Standard Con-
ductance Element (SCE).
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Fig. 2. (color online). Relation between QMS and ESD

signal. QMS signal of hydrogen (:m/z=2) and ESD ion counts
at the same time. Inserted numbers are pressure of hydrogen
gas in supply chamber at the time. Inserted small graph shows
the relation between ESD counts and QMS signal. To exclude
the influence of the background, the values at 10> Pa are
subtracted from each of the QMS and ESD values.

KFEA F VEBORE 2R T, FHIE D QMS 1551
KEBAEEA~OF ZEAIBHEL, BEHERZ  —Efl
FCWML7: GHUMEE X 10 /), 72, ESDiES
b FRRICHEREN 2 ZIL L2 GHURIRE X 200 #) 0 %
B, 4000 BAHEICE N QMS 5 0HWE—271%, K
FURBICAFEZYEATHIN LV TOBRBEICLZHDT
HY, EBROREL IIEHETDH S,

KEMEAREINCHE) L7 ESD B 022 FAix, &
NFTOERBNZRFEE L2KEEBERTIIBIERX
T2 SR FENH CRERE L 72 KR35 % Sk
- EBLTL 2HAE, —EORMEBEAIAELSE, 20
729, Fig. 2 TOLREZ ESD 55 O Esx, BEkikz
53 B SRR T ONHE I L TELAKKETIEERL,

1400

Vacuum and Surface Science Vol. 67, No. 12 (2024)

Pore Z i L CX72KEFDTICLHDDTH A LIEMS
Nb. 75 7NOHFKIZESD 5 & QMS E5 DR T,
Ny 2759y FOREELRT 57201, QMSfi7&
ESD 5 ZNENh D, KEMKET] 107° Pa TOfEZ %
Loz 0Th Y, HFIBREZRLTY S,

3.2 TEBROEODINY 7552 NEH

UHV BREICB ARG AD TN EKETH B2
D KFEFMEAT ) B, TR AL BNy 27T
VNBENEHTE RV, T, Ny 2 TI5 YR,
GG, R YT, HERBOMHE, AN ADEREIC

FoTORL B0, BEITL, X2 EL2HTLICE
WLETLELRD .

TAI1ZET, ESDRFIEEZL 2 2B O EIK % B
U7z MR ICRE E 22BN 2+ 712U T
A4 YREBB SNz, RBRECETREICE D A
F AL LK ER T2 TR, BERR, /4Ry
TWCXoTA F LI NIERE T AL LA, 4 4 Vi
BHI A 2 WHREMED Z 2 5B, Fig. 3 (a) 1Z, SCE il
B 373 K THHGENO KK &2 —E IS, E1IHG
% on/off L7z EDESD £ F Y ¥ ZE R, Kho H,
leak I 300 um X400 um @ ESD #ll & #3% CT SCE Z4r L C
RWRTH2ARESTEEZR (1) »ORDEMETD 5,
KEMRREOKRKEN ZEZ B TR 2O BRZ 205
ESDfES %7y b L= (b) Thbo Hilillid SCE
POOKRE) =7 BEHTHTRLZZ, () TIXETH
Y off BED ESDIZ 52 B DNy 7 7S5 Y FELTES
Z, on/off D%, WS TEITH LT/RL7z. ESD1E
B& SCE 25 DKFEY — 7 o BRI S iz,

3.3 SCE z&iRd 5KROAHRIE

Fig. 4 |2 SCE XK %1 @ SEM 1% (Fig. 4 (a) (b))
L, (b) DD ESD £ F V55 OMES i, 2F YK

N
a
=3

°
N
=]
]

a
=3

ESD ion counts

@ o
=3 15}

x,$J

o

H, leak through SCE 1200
0 molec./s 2x 10" molec./s
» 2 4000 @ e-beam On
< % m e-beam Off
=] Q
o |e-beam g 800
o
< |On off On off S w0 °
o o
L @ ™
[m] 1l 400 e
(%) [ ]
L 200 | @
on
o
0 1 2 3 4 ° 1 20
Time (h)
(a)
Fig. 3.

H, leak through SCE (10"° molec./s)
(b)

(color online). (a) Schematic diagram of the relation between hourly mean ESD ion counts desorbed from the
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H, leak through SCE (10'° molec./s)

()

SCE surface and hydrogen leakage flux by supply pressure in the supply chamber. (b) Ion counts at different supply
pressures as electron beam is switched on and off. (c) ESD ion counts during desorption from the SCE as a function of
hydrogen supply pressure to the backside of the SCE after subtraction of ESD background signals. The SCE temperature

was 373 K.
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Fig. 4. (color online). (a), (b) SEM images of the surface of the SCE downstream of the hydrogen permeation (a, 300X ;
b, 2500 X) ; (c) ESD ion image (300X225 pixels) of desorption from the same position as in (b), at the SCE temperature
373 K. The ESD signal was integrated for 7 days. The color bar shows the ion count from one pixel. (d)—(j) ESD ion

images integrated daily, of 7 days.
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Fig. 5. (color online). Schematic diagram of hydrogen moving.””

—(29)—



612 Vacuum and Surface Science Vol. 67, No. 12 (2024)

X 5T, Pore NDJRHTMZRKFKIEINE, MEREDEI] X
DHEVWEEZ BN, Lo TRERTORmBERE
b, WESEMOKIEL Y H Pore WEER, Z DI ED
FinwL b FORER Pore (L TD ESDEHHAE L
%5,

4.2 KEORAILEH S L OREILHOZE

ESD 12 551% SCE ® Pore 7*5 V) — 27 L12KEG T DH
TR, BEREREZHERT 525 ¥ L AGR 1 CHH L
TeARFERT B EMETIE RV, HTIEAT v U A Sk 1
OWNFIZIEF L, S|ICRET 5 WHENEDYDH 5 (Fig. 5
“permeate in metal”) o 7272 L, ESD 575 DM IZIERK
BILA Wiz, ZOFEBTIIESDESIIHTsIns
DRFERTORBIBPTEZ I LNIVEEZOND
(Fig. 2)o &BWNEBTOXKEDI A ZZ B L, TE 373
K TAEMEEDL SHWEZOMDOE X 9.0 mm O FilED
F—AFFA4 FRATF VL AMEERT B IEEA» A H
M50, by UEoEZ HN5 ESDE5HIE, Pore WEE
WA L2 KEE o RIMILETH 5 (Fig. 5 “surface
migration”) o KFE TP ELE PN S N7 B0 ERE 72
FThL, V=R TH D Pore WHETIZ D fREEE L Tk
#HEN5S, Pore DFHUEMBIL D  TWAE L-%E13,
FIMILHLT X - THIFLEE D K IZHY > T SCE O 5E Ml i
R AN D S,

4.3 BRU—-VETELORL

ESD %5 (K#EA + v H) & SCE %Wl % K%E5+
DEZEHPEEL L2 AT,
KEGTHHE Qw 1ZX (1) 25, p,=100 Pa, T=
373 K DB, Owe=4.0X10" mol/s 272 5%, Z DI,
AT VL ABERARD BT OFER 24 X107 m® %729
TdH2H 5, ESD HMETFE 300 um X400 um (=1.2 X107
m®) Tl 2.0 X10" mol/s, 36 um X48 um (=1.7X10"° m?)
T 2.9X10° mol/s & % %, EBIERR, WERITHT S
SCE Z i DML, WMEBNOKHESTE 1.0X1077
Pa & FHRAREECTH 5 KK KEWAE LT 5 EHET 5o
SEHER AR FEA F ¥ Bid 4.65 X10"/m?, — 75 Pore J§81%
7.12 X10"/m* &GO 1.5 5725720 KEHIEE
WA i D BIRA S, Pore FLBFDIKFEIEIIE 1.5 X107 Pa
EHERE L 727

Fig. 3 (c) DLBIEA S, ESDEHIITHRE S E —>
DHAFVH, 27 X100 MO Hy, 5+ (7213 5.4 X10°
WD HEF) ISHIET 52 EDbhoTWD, RE»Y
— AR E RS RO, HALIRTS 72 Y OF 2 8
M HKEZDOEMEE I BRI TTTHL, Tzl
B L RB T AN O KK BIRE N B —E THIuE, KFEiK
R EFIROIRP K & S IR LR\, SCE %385
V=7 BEZMELZL I, ESDESNL) -7 EE

FHllCE kit b, bbAHA, B, BHEAWE, &
UHEE DAY — PR B2 X B, KFEEBEOXE S HRMT
THh b

KEDESD B IEAHEFE—LDAKy MEP LR
¥ 2 EBEO R HIR L WEFRORE I LDONT VAL
XY, EBTE—2RMWEHFROKE SITHEAFT 5. Hll
EHFHIEL BT E =2 DARY b A AHBRKREVEA,
I —AGEL Do R Lo 28D R LK
WY a0, )—rRREOREZEENICHNITT 5121,
58 Sl SEM 3 TH A i & ESD 4 F Y Bo
BItRZ T B UELRD 5o

5. WU —7 ORBIB

INBVD TN A% HZEEREE, & 5 VI E D A A SR
KTEHESEL 720, MMIOBEZEVIZANTHWSE
TN ADEIET o FHILFNAL ZIFEBO ¥ — )L
B, BIY, ERICHEBROESMAHY, Thoo
DY —=NVPA T TI—=BELDE, TN AN
EL o2 ) Farll ko720 3%, ERIZ, E
TRAPNI=RT 4 2 BEEMERATEALZLDOTDH
%0 HOHMO LHBLOTFHICEARTVHY, The
NOBEEHEPRLZ-oTWDELRD, ZOEL 5 —
IHBEC B ERAEL

AETHITEZTH B 3T OEARNERIZ, KA
— 27 LTA->TWb, HEREICHE 2 & TERNTE
5 OHM OFHIIEICY — 27 LTL A2 A &, OB %k
ETHEBEERIT 72, BB, TOEBETHWS OHM 2%
YT AT Vv OETEIRE D OETHMEE JEOL, JAMP10)
WZESD D720 08 #EZ L 72 b DTH %'

FEERCE X80T, RO Y — VA 2T 5720
OEEERDOFN T —ZPF L7z (Fig. 6 28), OHM Dk
BB S — VIR S 5 & 9, BiEiELRT Y Fo
A2 mm, ZOHMHOFEFEIB L Z 1.5 mm X1 mm X1
mm DEFEKTH D, AFZNIEEELZ ET, Y—IVA
DOFTRTEEHNL 72,0

Fig. 72 4 HOFHIREER ((a)-(d) &, ZOHIHD 11
DO RER AR R Z R T SHINCRERI A2 2 & ERN

Sampr A Rod(2mm®) of
/’)& rotational holder
) \
Electrodes -7 7 t* -
7N

Body material/ . Body material
Interface 1 Interface 2
Sealing material

Fig. 6. (color online). Photo of rotatable sample holder and
schematic diagram of it. The size of the sample was 1.5 mm X
1 mmX1 mm.
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(e)

()

Fig. 7. (color online). SEM and ESD images of the four sides of the sealing device. (a)—(d) are SEM
and ESD images of each side of the sealing device. (e) and (f) are enlarged measurements of the dotted
areas in (a). The gray arrows indicate the locations where noticeable gas was visible in the ESD image
(e) and the corresponding positions in the SEM image (d). Black arrows in (e) indicate areas with large

debris.
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