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Research on the construction of ultra-high vacuum
environment

YAMADA Kenji

Regarding the construction of an ultra-high vacuum environment necessary for the analysis of solid

surfaces, the change in vacuum degree was indeed measured using a gas transport vacuum pump (TMP:

turbo molecular pump) and gas storage vacuum pump (Gon pump or getter pump). Because the

compression ratio of TMP is constant, the ultimate pressure of TMP can be reduced by lowering the

exhaust port pressure. Notably, the method of connecting two TMPs in series had a higher exhaust

speed than the method of connecting them in parallel. In the future, we plan to use the vacuum

environment for electron spectroscopy experiments on the surface of solid materials.

Keywords: Ultra-high vacuum, Turbo molecular pump, Compression ratio, Getter Pump, Ion pump

1. [FL®HIC

TR 2 N 72 R oy T L L e B 2

ENTITbNS, Bl2iX, BEFRTHMN=EE TSI
(100) M OFEIRMmICEZE L, T CTRRBEW AT
D EWRELIYGE, MERRE 1L L TEEND
HZ0RE 2 1 X101 Pa OEEZDREEICHE i L7T- &
LT SiJRFAMER LML TLE )R
T L3R LD, ZOHEZEE A 1X10 *Pa D
BEZEIZHEFE LT 5 L, REOFEIZE-T
BRI O Si JLFRBER - EEELTLED
RFEIEA) 3.6 Il & 72 D, TN R IEERERm
BRI=ND &, REA~DOFHFLTEYOF BT
TIT TR A Al RE & 72 5, SEER 5 LSO E RE ]
IZh K DA, REOWICITBEEEZCRENLE L
b,

BHZ28R 2 SRS N EZE R 7 L RR T
IABREZER 70 2 FBEICKRBENS Y, BiE
DR T LTH =R FR 7 (TIWP) & #%EED
o—HZUJ—Ro7RP) VDI HWENS, TP T
WZJEMELEDS, R 7 OREENEPRE L, BHZER
VT OPER O TOES WK D OFES) THl - 72l
LB VDY Lo THER B RIDE S 2 T
HILETHZEENGDOND Z ERAH/HIND
2.9 2T TMP O NS TMP 2 % 5 1 HIES
BEe L7242 T AEIDN SN TWD, T2DiIALE
R 7L LT, FyXZ—R U7 NER ST
5 IEITEBEA~OBRBENES 22 LMD, g
RN DR > 7 DO T B TV D,

AAFFETIL TMP D& T LEERIC K 5 E 2
~NOBFERISOT v B — R T OPRIMERE 27,
BB IR OE T E A ST 52 L2 BN E
‘@—50

2. BEREZEEEIZDOT

2.1 ERREZEKEOER

AL THWEEBZET v =1L, 287V >
R OAK#EE 7-[F147T (LEED: Low Energy Electron
Diffraction) 8¥&fiF S7=b DT, FI|EEE
[ OFS G AV B TE 72 Y, HEEAME
DOERF 2B 1 IZRT,




F2M 2 ITEEP ERERM AT, =& U —R
U7 (RP) THOYE LT2t%, # — A4 7 (TMP)
THZEPRZITH, KEZEEEIIY T =—F—
(PG) CHIE L, mEZEHE) R EmE ST A
Fr— (16) THEIET 5, RP & TMP ORIz~
FTNVT(FV) %, TMP & T+ L/ N—DMIZ A A
VONVT (W) EEE L THD, 10°Pa HOEEZE
WHBIZ A o725, BAEEE RN — & —#f
ZMEAL C 24 BFERNZ ER_—F 0 7 24T 5, IR
7O\ IEE RN T VI RA NV TEDND, X—
XU X o TF v U R—NEBED H A5 HER
SIND, N—=F U TRITAELEET 47 A MR
BEERHICERZ G LT, (38 L TWDH T A%
T5, TNUBIEHTAHL EMEND, D%, A
TR (IP) ZEESE D, A 412k D AN
v B (fE22) X TCF X URFNIMEHER,
EDOFZ NN PIENET Ay T2 WETHZ LT
HZEENE ET 5, FTF X BTV A= g
R T (TSP IETF VNN T BRI ER 2 L
TTF X UEREIZAESED L, TOF X P
HAPREST D Z L 2FMH L TEZEERR LT 5,
AIEFE 21X, TP & TSP B3EAfLENT-2=v bR
> 7 (PUT) 225 L TV D, RSN v 7 TR0
XAERLITRT, 2=y MR 7O TSP Z EHIH
AT 52 & T1X10%a UL FICHElCcX %,
KEUETBERIZ AN 7T — 27 307 (VLV) %
HWTKRREZT ¥ v N—RNITIA S H® 5,

IG

VLV

m}
)
T+

i—il TRTi
L #»l TMP
PUT — @ PG
FV
Ox RP

A TS P Ao 2

% 55 7 il 44E

#£1 PRB TR L AR

PERAR 7 B PR

H =R ULVAC N; 50 0/s
Ry 7 WP UTM 50 Hy, 40 0/s
=Y — ULVAC 60 0/min
R 7 RP GVD-050A

Z=v b ULVAC N, 100 ¢/s STP
R PUT-3 7! N, 1500 0/s TSP

2.2 ETHRRDAVTFTFURERE

AIERE T 1994 TR E SNTHERTH 5, 13T
AL TS5, RP OF A NAHAEFIZ 2
~3ENFEET O MENRH D, TMP (I XEM A 72 4 —
—R—= AN SN D, SIP TR ER 2 A v
FF U AEMIEL LRV, B L i TR &
NI=R 7'V DOHIC K> TEEPERIES DI
TRAET D, BARZHIZIZE LSBATHRED
BB D, FEEZE LTS 7. 8 X 10 Pa
DBEBEZICEETEXT-2 b o20y, B4
ALTELEME, 2=y bR T DOHD SIP O
REENNKRELTNRY, TOHRWE LT,

WE L=y hARCTERVAL, 7TV
(ICF253) TPH U7z, BV AT RIOEET-%2X 3 (a)
2, WAL= o2 3 (b) 1277,

(b) 2=y hRUCTEZMVINLT T U THUERT
K3 =y hRTOMIYIL



AR OB A%t

2=y MRV TOREEZ L LTHRI A F—R
VTHEBOATT T, R TORA L R R
2 R T, oy B—Ro T A F R T H@E
LIzRy 7T, BEN2.2kg LWRETH Y, HE
WZEUD AT TWRHER & 5, & LT v 71,
BT 7 7 oA XHER 70 mm (ICF70 7
UV) ENE, ZOV A RDT T o UFEEED
TR —FE LTHZBMOMFITFoRTWDSZ &
MEN, RT A S—VR T W T8 %
X 4 1279,

F£2 ORI AR SO EE

L7, LIEBLZ0HED TP 2 HWTERL,
D, Hi-7e TP 5L S iz, 3 31 L
gz R, PPREEIZER 1O TP LV &y, £

BT EA LT RPICHOWT B3 310737,

1.00E-01

BsRAt [h]

[l 10

1.00E-02

1.00E-03

1.00E-04 \

1.00E-05

HEEP [Pa]

1.00E-06

1.00E-07

20 30

40 50 &0 m

HES tE=V PERGE
Ko7
T A SAES Ty B =R
r—1 Group N, 40 0/s
RNV NEXTorr H, 150 0/s
7 100 A F R CHy 16 0/s

1.00E-08

X5 TMP &7 A h—LiRo T 2B LT

B ORZEELEL

4 AT A RN—NVR T B AT TR

mEEZEE E THEEP R LR, X—F 7%
RO TODOBEZEEEERNE LTz, BZER T
X, IMPL B L R7 A M—L R TORHTH 5.
ZORERA 5 IR, 25 BT CEZZE N
L TWADIE, XR=F T2kl 2 A7
TRI A M=K T OIEHALZIT> TV DT
Thd, WIS INTKFEREDORKRIZ L > TEZE
ERFEL L TNWD EHEfETE D, N—F 7%
LIS <HERT 5 2 & T8. 16 X10%Pa ICHIE L 7=,
2=y MRV AR TR A B — RIS 0N
10 D~ A F A 8 3 Pa DEZLFEICH|FETE /-,

TMP O DEENHEAET DL IR, 201,
Wk U7z, BV AL CTA D &P AL Bl LR
UVIRIIZ 72 > TN =, & 2 THITZIZ TMP DA %
BRI 25, L0 Z b Ho TP %
LI ZA, LA TORERRLDMY A

£33 FICEA L7 TP 35 L OVRP O BIR; & A4

P AR 7 A PR
Z—R5y ULVAC N 70 0/s
ARy7 TMP | UTM 70B Hy 49 0/s
m—2%Y— | EDWARD 75 0/min
Ry 7 RP RV3

3. A—RHEFRUTITLBEZEHR

3.1 EHIESG L M H RO L8R

TMP DJEAE (FER D E S/ A ES]) 13 —7E
D7z, TMP OEIZEITNTHER D) 1% FiF vt
LWz LD, F 412 UM 70B Ok KIEHM L
OEEEZ R T, JERELE N R b K& < 72D DIFAIK
OBENE, T7obbitENEr|lRoTnt & T,
Z OFRFO ML N RKIEME L & FEEN D, &2 — 7R
Gy T DR RERME TR D5y F B ARAFT
D, FAITREND LD ITERITHATRRVKSHE
D IFBEMELIT NS L 72 D,

—BIZ TMP % 2 RS LT & > 7 LEEEH
ENTWB, FIT, ZOHEFIEEEDNI 5
T H1=0, BB & F O EiE CRIEE L
| R

4 TMP UTM 70B i KJEAEL

PERAR 7 eV L oNE
B —R4y ULVAC Ny 1X10°
RyZ P | UIM 70B Hy 4X10°

TMP @ UTM70B D51, FhIA Z(ZHY 1 CTHHkE



4 AN LEEE

KNARETH D, —J7, UTMB0 D IFIELMEST I 7%
BT A0, LY o —H—% T UIM50 &
TVUXVTINT a—T &R L, UM 70B & HEY|
2270 (M6), WHIEEHE CTlE, TMP2 RIZ%
NENF1ELE3IORP 285 L CiEIE LT,

ul6TW@E@& (& > 7 KiElR)
BERRFRIC P9 2 BZE AL O -2 X 7 12w
9, HEKAIHA TR S & WA OHER A &
— RIGEWT 0 o T2 b O ORI 4 2 1R 54
DT OBEZEENE L o Tho Tz,

BESURFR t [h)

O:EO 48:00 96:00 144:00

1.00€-04

1.00E-05 |

HZE P [Pa)

1.00E-06 |

EREE 7

1.00E-07
B 7 PRI 9 5 EAE AL

X 7R ED K 9126 HIR (144 IEfE]) o E 2z
PERIC L - T, BRI 5. 0X 10 Pa (IZBE L,
WA eI 7. 3X 10" Pa IZRE LT, T D%, 30
RE DOR—F o 7 % LI=tkiE, B2 2. 0X
10 "PalZxf L, EAEERIL 2.9X10 Pa IZEZE L
Too FRICKEREFARONWE OO, BEYIEER
@ﬁ%@ﬂéfﬁjiﬁb\ ERbmroTz, k1)

W R AVTHER DS &2 R <R T, RUEROHE
RORE IR OFEFHICZ I ERTFE L2, D
R, PR DEMETE, "R OJE~DE
LN D EEZBND, ZOREEIOL

EAR ST S

% 55 7 il 44E

FEBRIZBWT, #2037 2 LR I3
DAL It

3.2 NP DR VT LEBEEERY R F—ILIRV T

DHH

™P 2 BIZXkDHEZ T LS R A R—/LR
VT EDFH & TEEEE{L AT, 30 K O
N~%/7&*71%—Wﬁyf®ﬁﬁmiof
BEZ2RE Y, 8.02X10°%Pa ([ZHRIFE L -, WA T
IZRP % 2 BB L 92 DITHAT, BEAIEEG Tl
RPIZ1ATEL, BZEF v " —L DOMICRET
HF—=R VT H 1 BETIN, 2070 HE
2D b ESBEE N LMz 6 b,

4 BHREEFIRNF—TFS5/4F—DHE

R E R N CTX 5 E MR O 5 ﬁ#
BRE L 72 D, (AT HDDFIE B — AR & H g
X kv,

PR R EN R By 72 B BT T I 4 —%
PIELTZ, 2O AKX 8 IRd, BEIEE (F
Yo bha ) 1 ITXV AL RV IV RA VT
fot, o (B 34152PS) R L=, AT
28O (0. 2mm) IZEAE 12mdD A28 T, X
VAT U0A v ak ARy MERBEL T33O
70y RERELE, chaFyrxbbrro
AV DICRET D, 1B E3KEEZT—AL L2
MEIWZBHIEEEZ N2 5, BiE AR I T v
RV B A 3kV OFEELEEFINT 570, &E
FEHOERE Lz, ICFT0 O7 T PN DK
X XL, ME27mm, 5 E 20mm, BATE 130 mm & AR
572, ICF70 7 Z V%A R LizZ LT, B
ZEF ¥ L N=ITIRY AT T,

Mmfiﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁbfﬁv/&—
THY AT, ADOFIEEED KX & % PCHIHEIC
STEHRHEERERE VA EZ T T T 5HD kf
C ICHRVIAENTT — XTI T — 2 L 72D,
COWHEMSTDHZETANT MARELND,
FhEE B —2JH & LTiE, ~ Y 7 L A D gl
HEETHY, MBI TA A VAR LRS
7=, FEIMEEELZ LRTHETANSNYH
BHELTHRIATEAZ D, NV DATRA%E
AW A AR E L, ZhxdBAnizEFoit
EBETELTWD,

B8 BE L7 i 5 £ 5L % T T A P



AR OB A%t

5. F&H

[E RS 17 O 3 HT IS B 7 e LS BRBE DA 2R 1
SONWTC, AR EZER T (X =Ry R
7)) RERTZDIAARREZER T (T H—R
7, AR T) EHOCHERBICEEELSE
WE LT, Z—ROFRT 2 BE2BEIET 5
FEN, WHEEHET 5 HiEL Y bHER A B — KA
EWEWITEROI A AR 7=, 7272L, #
— ARG T EM T b R R 2 0 U &
HZEREICHEFE CE D 2 b AbE TR T =,
B — Ry R T OIEMGHAT > TBIFELE Ak
T A5, WH, 7y X =R TR L ER
BREDHEEIND,

ST T OBEZERE A AW T, EERM R E O
B HEEBRICHAL T FETH D,

BEE

AEEE A RO, FEHOMY 3 5 52075
THIH LT & 7=, LEED |Z & A kg sz >
W, B AR CERk 7 4 EE7R), Wkt 2B R (OF
B9 AEEZR), HIF RS A (CFREK 10 ), K
FOLOSS A CERK 11 FEEZ), IR BE-EH 8
7EE CFRk 12 4R ZR), I3 —F (R 15 4F
FEET R T PHEIIET), B hkE CFk 16
FEREZR), ARE BEEEX A CEAL 1T ) (2135
BT < O %57, B O BEZEREEIZ OV T,
¥ ORME (BFOCHZE), PR BEIEER (BFn 3
ERERR), IRARRNES A (R0 4 4EFE2R) ITITEZE
Em ExE B LTEERTEL O E5,
AWFFEIE, JSPS BHFFE: 22K02955, 5 L ONEEAF
WS A R — Y $RBUL A OB pk % 52 1 T i S 4
776

SE 3
1) BAKERFSR: REAFOEMEE IS, =X -
F 4 — « TR, pp.361-362, (2004)
2) REE XA RUT, BT, 40k, H
10 %, pp.761-766, (1997)
3) RBEE T HLTAERICLEY—ARyTRCTHE
B o7 A AL O E RN, FZE, 549 &,
% 8 &, pp.466-469, (2006)
4)  (LEfE - Si(111)7 X7 i o LEED 8122, A&
HACEE, 5530 7, pp.57-61, (1998)






BINRIZE T S5MREFRROBARRERK

PR, AHELZ

Introduction process and current situation of The System of

Small Chartered Schools in Ishikawa Prefecture

UCHIDA Shin and ISHIDA Konosuke

This study investigated the actual situation of System of Small Chartered Schools in Ishikawa

Prefecture, and organized the process of introduction at each school. In addition, we identified the

method of commuting to school, commuting support, changes in the number of students, and the

percentage of students commuting from outside the school district. Based on the above survey results,

a classification was made and future issues were organized. In addition, it is likely that in the future

it will be more important to understand the barriers and challenges for schools to continue to exist

after the introduction of the system, rather than the conditions for an increase in the number of System

of Small Chartered Schools.

Keywords: Small-scale elementary schools, System of Small Chartered Schools, School management
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