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Development of Diaphragm for Environmental Cell Transmission Electron Microscope by
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Recently, it was reported that gold particles of less than 10 nm in diameter exhib
it unique catalytic properties. Transmission electron microscopy (TEM) is useful for analyzing structures
at the atomic level, but as specimens are conventionally placed under a strong vacuum, it is _difficult to
examine directly the relationship between the observed structures and catalytic behavior, which requires i
nstead observation of the catalyst under reaction gas conditions.

The environmental-cell (E-cell) TEM system includes a specimen holder with a small chamber to isolate the
vacuum around the TEM from the reaction gas atmosphere around the specimen by means of a diaphragm. The pr
esent study turns attention to the use of amorphous boron nitride and silicon nitride films in the diaphra
gm of the E-cell TEM. The films were prepared using pulse plasma enhanced chemical vapor deposition. The f
1Ims which were high hardness, amorphous and transparent at 200 kV electron were successfully developed.



B X C—19,. F—19, Z—19 (tm)

1. AFZEBRAE S D =

AR, HiRE FHEMBE(TEM)Z A L, 4
BRIt T ST a T ) kL O o
ST F A O AR AR BB & & R B KL T2
THRBNDIRENTWS., ZoHEE, 3k
RAE—ICRE LV EFREN D B4 Y
P Tirbhsd. BFHOBAER, ®BEZET
T, BTHEMESEEN L REE L
ORIZIE, EFREHEBL, " OFEEKEN
W2tz 9 AIRIENRMIE L 725 . KTl
B HELD D 72 <, LSRR ZETE CHERR T T8
NENT E|ILT 7 ADEHF R 7 F(BCN)
REH RN A #E (SICN) &2 BRER LR
e LCTHERT A Z L2l A, LR TFFT X
ALFEEMRREIEIC L 0 ERL L, # o JLiEry
MEEIT5 D ThD.

2. BrEEDHW
EMEBHRIEETH S Z LIEE L b
HHOZ L THotz. LLRNG, 4,
F ) A— b~ Y A XL b T & &R
B IR S D & BT 2 (DL, 4
T R L N )T B T B A, KRR T 2R
MHgERT (Bl BER I OFEHEGIZE -
THRINT. ZOFEMH D A =X K34
DEFHA ZDRETHD LENDATNENR,
EEED L ZAFEEBH BT I I TR,
AEBRRFEON, EHESIE, RERAAS
EEFRARREE A VT, —B LR L RER
S E NI4T/ fikilE DR 2 B 08l
BT LT D, —RICEIRE T BHMEED
BEERNITEEZETRE-NTERY, BEEL L
B E & 5 HAFHRUR DT ORE
ThY, FORBNICHAE 2B XHETS.
ZOWF, BZELFHREE L, hoBTRE
BT 5 [FElE ] b EE AR ERDO—
DThD. ek, ZORBEZIEZTELT 7 A
T —RUPERMEH STV DA, R &
LomfbikFE L LCRIbT 57280, ERFEO
HEHRERICIZE > TR VORBIRTH 5.
#o T, FRBRICITRIETH LT OLMA M
LB,

(1) FRPHE A 2O FICT A 5 % B

G
(2) B E o diEd 2R O
(3) B FREELD AN D T VBT T
D9

(4) ERRPB LOREK T AT LT
WL TE 7o M
G) Bray "R NEMALTZDT ENL
7 7 A
6) T —7 v T DEENRN
AWFFE T, BBtV %iEE e AR
MLz LT, BERIIIREE O s 7 #E(B), 7
A F(SI)KFE(C), EREN)THERL S NS T EIL
7 7 A BCN LT SiCN(a-BCN, a-SiCN)3#
245 H L7z, BCN 3 X O SiCN D AR
SRE ORI, REIRTEY, N—Fa—
FATTIYTIIE LTESBICISHE
NTND. BEEICLDEEL DR, BN

HITLTH B0; 65V Si0, & L TEEID
TEAET D ATREMEAN S V. BCN, SICN (3
BHEIE LTHOHERENTRBY, Fx—U7
v T ORBEL VR, ERENEZ VT LT
WAHHEDEEZ HND. a-BCN 3 L TN a-SiCN
MIEOMERIGVEL LT, RUEHLIWITA
FaE T RIRA Y & BRI L 72X
WA T T XL FEEH R EE(pp-CVD {E)IC
&H L7z, pp-CVD {EOF X, @ DEZE
FRAITIEN, MERIZ D72 0 FUEE T AN T X b
72572, BOWBENS W AFIELE LT
MHINTWDE, FE7T7RX~a2 V20T 5
L TIRICEZ DA AV EBOBE 25
ILERTEDLOEEZLND. [EEAE/ER
THICHY, WERIIFATT ADRNE
<ol CEHER 77 7 X —Thb b
LEZLND.

3. WD FHIE

(1) 7V AT F X< CVD {EIC X - CTERLL
72 a-BCN B L ¥ a-SiCN DO ¥+ 7 7 # U
Y—3

Z 2 TlE pp-CVD (2 5 & 7L A EE R
BRI AL LB, ERIL 7= a-BCN
a-SiCN #ED X ¥ 7 7 X VB — a v &1T
ST, @ECOVAERIL, EEERERAET
XA I~<7) IC 1LV RESEAN
NAZIGBT BIOAS =y araf LT
T 5 2 & TEEZ S, RIBKARICITESR,
Ty, FUAFALRLA NTMB)H 5N
IEA~F AT LT F P (HMDSN) % £ H
L, 77 X34 MEE, ERERR, ST
AL E /8T A — X Z/ERL L 7= a-BCN,
a-SiCN VA KB 1/ EiE(XPS), 7— VU =
AR5y AT (FT-IR)ZE 2 K 0 2 D
(LR %, TEM % F U C o % 5
L7z, £y — AR X ORI/
PAMEBE A L, 1ER L 7B A2 7- L
7=, £, 79 A~ ORIERMAOTERER L O
B 00 4R HE 7 DU B AR BT B 40 BT 3 (QMA) 12
FOREL, FISA =X LI OWTEEZE L
2. 2 CTHRRICET-WE R

. 77 XAvREBIOTAREIZED

e, SOCWE D% & ERTZ R & DX

R BIfR

2. BEF DRy HT K D 1 B D

3. BAERTENT 7 AL

4, FHTE L ER—IL 7 U —DORER 100%
ThD.
(2) Cu A v =24~ a-BCN, a-SiCN jHHfE
VESLE AT D BHFE

U7 EF L — A(TAC) ZIAIRIZ L,
WRPIZCu Ay v aZiBEIES. Cu Ay
Vo BRI G Bl & B, TAC 8K & ol S
HFHEEHULD., FOENE a-BCN H DWW L
a-SiCN %% pp-CVD |2 TIER4 % . TAC i
TR TmyTF 7L Cu Ay vafl~
a-BCN RO L ZH LT FEDV T 5. Cu
A v v 2 RICHERE 5 TAC DRI,
Cu A v adp|iRHEFEDOSRMEICERL T



W5, 22 TIEHASRMTER L 72 TAC BEDFF
WA=, &6, D EIZ a-BCN, a-SiCN
HIEDOERLI 21TV, RSO IR 2
FEMBEOM), EBME T HMBLSEM)IZ X
DRI %. A An S RGO AR PRI &
LHF =TT v T OS2 HRTE T E
WEEIC L VT 5. 2 2 TIIHIC TAC fED
) — Pk L BEE OFIENC SOV THET L, Cu A >
VaflE RS S SHKHERR L. Cu
A ¥ 2 FLITER 50um > 5 100pm O H D %
JEENAY

(3) a-BCN, a-SiCN FREIE O [t 33 & OV 1-##
PRS0

TESL U 7= BB O ifif 2 R BR 2l B CRA%E L
T M SR BRI A S & 0 BT 5. BRiE A
I U CEZERS L BUGHT A5, B2l
QMA Z#%{E L H 2 DikiE L OMMEIZ 9
DEHtiEEBR 21T 5. BRI XV 5
OB, LFRNREBED VN EHERT .
514 D a-BCN, a-SiCN [fEiFEIz oW T, b3
HrE LT XPS, REEKIZOWTIX SEM
H DWW TEM IZ LV il 24T - 7-.

(4) BEEENALEIRE M~
HBoNaR A2 RIS, EEICEER LARIER
B IAWEE ~FEH L= o At a#~7-. %
7o, A i OB AE RGNS D F D

BTV, TOBRIA D= ALK LT,

4. WF7EEE

(D) 7T AL HEEREIZAEL D HX A
— OB AT O 2%, IGBT #HW-mE
PV AERZRSE L. RERIE, RO
VAW R X OVEY 2 iE+T 5 2 & N ATHE
RAERRIC 7 o TN D, SERE OERE AW
Z X< CVD & L-fER, 7 u—KEl
LBERA~ADERA =T DORBEEMZ DL
WAEREE o7, (® 1)

¥ 1 B L 7= fRisoo i o OM 4
2 EFTEIRIC L0 MERLL 7 i
Ao BRGE L7z -V AR L0 R L 7B
T RASMERBLOT ARA R EZELE
HCRRIEZERL L, 2D DRy T 21T -
7455, TMB 3 KUY HMDSN & b2, pls
[+ 71 % FF (50Pa), N, OiEAEZHMNL
(HMDSN(TMB) : N,=1:25), & 7EJE(600V)iZ
THZ LK, PO N fam kL
(B AL 10 atm%) . [t 2 524l L 7255 53,
o N &8O L UOKERS OW
PIZX Y, BEOMERERTE . I X~
BWIEDOEIIZ L » THAE L7z HMDSN RS 4
A% QMA (2 & 0 JlE L7245 5, HMDSN (m/z
= 161) »» » CHy; 2 fii Bt L 7=

(CH3);Si-NH-Si(CH3), (m/z = 146)\ZHEIKT 5
AT MR THE EBIT, Hy (m/z=2),
CH3 ,NH (ITI/Z = 15), C2H4, Sl, N2 (m/z = 28)%
@ HMDSN DO/ fiffli Cdo 5 E 845 50 LA T D
S EEIN L, 30 LA T IS MMNBEE I2A 5
Niz. EBHIZCN (m/z =26)HLEIN L Tuh/-.
IS OFER X Y HMDSN 13 EIC L » Th
fifg XL, Hy CHy N AR L, S HICEBLEE
Fin, FPHEH ADEZRORE A LT 5 2
EIZX Y, N &EDORIEIMELE X CN 23 ERR
INHBLOLEEZLND.

VERL L 7-% TEM X 0 [ml#Te 2 izt L7-
LA, 200kV ODEFHRTEHTHY, Tv
— VT T DLIRNT LT 7 ABETH D
ZENHERTER (K2).

(a) OM IZ & B @D K 58
(b) OM T L 2 %4

(c) TEM |Z X 5%t

d) T4 T7T7ar g —

PRl A Cu JEpR EIC/ERIL, XPS (24D
Cu2p ¥ 7 VA gl LTohESR, £ o 7 < s
XNZehoT=. TDOZ LG, BErk—LT
V—DIRFENMMERENTND H O L RE X
niz.

(2) B@iE%E Cu 77U v KiZT > NEY 217
9 728, TAC EDOERLE L OV o 8EREE O
B %4T->7-. TAC0595g, Y/ mnnxH
100 ml, ZO'AHZ /) —)L19 ml ZE—HF—IT
T RT AL TAC BT & 5 £ THE L, TAC
D 0.5% R & (ER LIRIZ, £ DOWIRIZA T A
RTFAZRL, 5l EIFH5ZLETATIA R
W7 AEIZTAC EZ S 5. Z 2Tl
TAC DIRICEED LT N TN 95 EH
TATA RTIFTA%B|&E LIFHAT v
TE—RENA NL—L2HWT, Z@H->
FEEICATA NI RAEZB|& EiFAZ &0
AIRERAEE ABRR L. Zhudgl & B E
% 0.02 mm/s 705 30 mm/s £ CTAIATE, &



sie7m s I a+52 8T, ETEEOR
M, RO LSMEE
AT TIES & B HEEZ 10 mm/s & L CHE
JZ 150 nm DO ¥J— 72 TACBED BIFE Ik Zh L 7-.
VE#L L 7= TAC 5 1212 a-BCN, a-SiCN @ik %
ERLL, 2Dk, 7 Fic kv TAC fEE —
v F 7T 5 LT 100nm A6 250nm FEE
D@EESES Z LTk L. £ b % OM
BEO TEM (2L Blg2 L-AE R, PR 0E
JRERICTE TWVWD Z E DR T 7=,

B (HoEZATHNTZD, FREEEH
DT REBRA 2 M B ICBR L, 1ERL L 7= R
OMHEZRIE Lz, AN KREE, Wiz 5
72l L7-. o N 23800, CH f54 DR
WREV, ME A B L (B2 KRKE TG
L2V . ZoRKE LT, Mo AR
S BT B 2 BT o TR TR A3 B
ML=z, CHfG%2HT5H DI Cu
7Yy REOEEMEOBEINEKRL TS
TEMHERTE . IBIL, BRI E
HEIRICH ERFRO ST, kD CTIE
By TR LTV, B L2 TIE 30
’\uhwﬁmﬂﬁmﬁﬁ% Itz 52 LT L
7. BUC X AMMAMER ) E LB & L
’C H%EP WZEEN T DA D3 E D

REBIZIVEE, L bDLEZDND.

(4) BH3E L7-MIHEA2 EEICA4TRBRRKSET
o b BT WFSEET IR B IR T 5 B BE
T TEM (ZH5# L4 T/ il D@2 5217
ST, BB OFEFHIL 200k, BB BV
DFEST 1 Pan S 0.1kPa OFIPH CTHIZR L 7=,
%1%(*1%}: TiO, A BT EHER T é*fr—@/\
fifeZ A LB aBE s3Ik Lz (K 3).
B I D BB A L N (200nm) 7= 6D, 1 2y FRAE (JL
FLUL) OBIERIZIIES otz 51,
BT VUV ORRIE O fIAEE 2 B LT
<.

NS ORRE, LTFIORTH
T K VBRIZHRE, AL TV,

@ g |
| ) Gold nan'opart'iclei

qltalysts

ESPSENON

B L% TEM

X3 BH%E L7-B@lss Fuv -8R
2 XD AWTIO, DEIEMG. B 1-#R 200kV, BR
B LOFEI L 1Pa & LT,

IR EFRETH 5.

5. TR

(esEamsC) (5 1)
(D Kayo YAMASAKI, Takaomi MATSUTANI,
Hitoshi NAKANO, Tadahiro KAWASAKI
“Development of a-SiCN Diaphragm by
Magnetic-Field and Pulse-Plasma-Enhanced
Chemical Vapor Deposition with
Hexamethyldisiloxane”
Plasma Application and Hybrid Functionally
Materials ., ##i7¢ L, Vol.21,(2013) 88.
@ Kayo Yamasaki, Takaomi Matsutani, Hitoshi
Nakano, Zipeng Cui, Tadahiro Kawasaki
“Characterization ~of  Amorphous  Nitride
Diaphragm for Environmental-Cell Transmission
Electron Microscopy Developed by
Magnetic-Field and Pulse-Plasma-Enhanced
Chemical Vapor Deposition”
Adv. Appl. Plasma Sci, ##id> ¥, Vol.9, (2013)
59-60.
(®  Takaomi Matsutani,
Hidenori Tsutsui, Takuya Miura,
Kawasaki
“Amorphous SiCN diaphragm for transmission
electron microscope with environmental-cell
fabricated by plasma-enhanced chemical vapor
deposition”
Vacuum , #E#idh D, 88(2013) 83-87.
DOI: 10.1016/j.vacuum.2012.03.033
@ ey BB, g (R, I HIE, R
fhth, I G5

[NV ART T X< AL KA R A

% B L% it 7R - BAEE a-SiCN Bmﬂj%
DFA%E )
7T X=ISABE, BRbH Y,
(2011) 159-164.
® T. Matsutani, K. Yamasaki, H. Tsutsui, T.
Kawasaki
“Diaphragm  for  Transmission  Electron
Microscope with Environmental-Cell System
Developed by Plasma Enhanced Chemical Vapor
Deposition”
Adv. Appl. Plasma Sci. &#td Y, Vol.8, (2011)
159-160.

Kayo Yamasaki,
Tadahiro

Vol.19 No.2

(FFE] G 151)
OARL fotr, FHI S0, IR 5, (LR £
i, o HE, FHE] e

BRET - B ORI L OB %
%61 BB RS R AN (2014/3
IR )
@Kayo YAMASAKI, Takaomi MATSUTANI,
Hitoshi NAKANO, Tadahiro KAWASAKI
“Development of a-SiCN Diaphragm by
Magnetic-Field and Pulse-Plasma-Enhanced
Chemical Vapor Deposition with
Hexamethyldisiloxane”
The 21th Annual Meeting of IAPS International
Workshop 2014 in Hongkong (March, 6, 2014,
Hongkong, China)




@ T.Kawasaki, N. Imaeda, A. Ito, K. Yamasaki,
T. Matsutani, T. Tanji
“Development of a-C/SiN hybrid diaphragms for
in-situ observations of gas/liquid phases with
E-cell transmission electron microscope”
International Symposium on EcoTopia Science
2013 (Dec, 13-15, 2013, Nagoya)
@ £, s BJE, P OAE

[ B S ARG ) TV B A DBLER D T2 D
BRI VR gt ¥R B PR 7 |
ITWRFYA T ARy FU—7 B
> B 2013(2013/11 ITHKERE N F v 273 R)
® K. Yamasaki, T. Matsutani, H. Nakano, Z.
Cui, T. Kawasaki
“Characterization ~of  Amorphous  Nitride
Diaphragm forEnvironmental-Cell Transmission
Electron MicroscopyDeveloped by
Magnetic-Field and Pulse-Plasma-Enhannced
Chemical Vapor Deposition”
The 9th  International Symposium on Appl.
Plasma Sci. 2013 (Sep. 21-28, 2013, Istanbul)
@l £, e BE, T8 ONE, B 1
M5, JHlE BT

MR-/ VA7 X< 4B CVD Z W8
B AGEEFEBEN T T LT 7 X
SiCN [ O 1R & 2 DR
Rk 25 AEERERALAE - AR - SR@EEPT R
22(2013/9 FRIEE LK)
@ g (AR, s BE, P OAE, B 1

i, JilE AT

THMDSN % FHU N7z B8R B8 VA2 1 B8 - BN
B LI DB |

ERk 24 FEKERFSEEESG KRS
(2012/12 BAVER) (FAFFaRTH)

@iy R, an &E, I AE, B 1

M5, J1Il RS

THMDSN % W= fidh-- v 27T X~ 5%
LA R BRI & 5 B v A RBE S
T-PESSBEF a-SiCN [ o ReEREAR |

% 14 |8 IEEE RESCEFEAEL VRV T A
(2012/11 [ LUST K2

@ TM, A Ao, NI B, PR 4

F6, I R, AR BE

BREE VR BEEIC BT 5 SINIC R
DEA%E )
2012 4 BKF 58 73 [BUG A B E AT
2(2012/9 EhEKF)
e AR, e BRI B

MBR 45 & V7 325 8 7R - WA BE ) 22 AL W o e
DEA%E )
R 24 AR FE UM FR H - FZAERTSES 2012 GRS
17 [N R A 7823) (2012/6 B IRNE
M7 v ba o Sehgit o Z —)
@ Kayo YAMASAKI, Hidenori TSUTSUI,
Takaomi MATSUTANI, Tadahiro KAWASAKI
“Development of Magnetic Field and Pulse
Plasma Enhanced CVD for High-efficiency
E-TEM Diaphragm Deposition”
The 19th Annual Meeting of IAPS International
Workshop 2011 in Taipei (March, 10, 2012,

Taipei, Taiwan)

@ FMs, £ R, JINE B5, PR AR
#£, B EBE

MBREL £V BAEC B 2 RO R
Ak ]
20124RFFF 55 59 Bl I BE 7 BAARIEL 5 G 1o
2(2011/12 FFg HKE)

@ il =R, /I B, s B, I
B

MER B2 & /LY 325 0t 5 - BB BRI A B oD
12 OREHAEM IV 2 7 T X< LR
RIEOB )

% 13 8] IEEE RS EAET VRO T A
QO11/11 JREKEE)

@ (hieg AR, A R, IR 5
TBE R SV 27 X< b KM R A
I & % B VT T TS T R
B JE |

SRR 23 ARFE A BAAR 2 B PEE A R 2(2011/10
SRR TR (BRI 52 )

© # 7, B R, Ik B, AR
B, FHA] AEE

BREE v VB BAREEIC BT 5 SIN = —7
> 7RI O NI Rl )

HARBAMEE 5 55 [Bl 2 AR 7 A(2011/9
FEINKF)

il FEFR, fafy BEL, )IIeE B

(7T X< ALK R RIE S & D BB
T VR Tt - AR BRI oD B % |

PR 23 SRR TR A I VAT A
FERZ(2011/9 E1LIKZE)

@ T. Matsutani, K. Yamasaki, H. Tsutsui, T.
Kawasaki

“Diaphragm  for  Transmission  Electron
Microscope with Environmental-Cell System
Developed by Plasma Enhanced Chemical Vapor
Deposition”

International Symposium on Appl. Plasma Sci.
2011 (Sep. 26-30 2011, Hakone)

(XF) o)

(PESEA PEHE)
othFRIRTL (Rt 0 1)

oS IR (Bt o)
(D)
6. MR

() wrgefas

A% #E (MATSUTANI, Takaomi)
ITEHRF - PRSP - e
&5 - 00411413

(3) EHEHF TR

JIIRF % (KAWASAKI, Tadahiro)
iR RS - TS - BhEL
WeEF S 10372533



