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AFe)  AFHE FF ¥ 5 d3o

B A A o Fo] AE MEd s
nngA % Ay M, oy 5 FF %
(laminar flow)&3x H&t},

AEY Bl EEN 2P & $3L 2
E 2% $%& Poiseuille §50|8 2 2E0}) o
o} e 5493 A4 AF JledA &3 F
F Ygdd. 34 £%59 713 9AEY Y7
A% F27t AEHY ALY 24 Qi A
4 e 2749 ddt 5439 %°] Reynold
F o,

2) Knudsen §39AMe 34 H5o25H &
A LR Hoprt EA ¥,

Knudsenfr&& 37+ JF 99 AujF ol

3) B2 58 T ¥ 2IAFGA AujF ol
o oy AF F9NA YAEL I 4§
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121  ZZ ( 1013-1mbar )44 HI

A4 Hxe F4FU Y 992 80mbar
o] fo]t},

ol HXE o F ¢YdMEe ¥ &4o] v
$ 39, ede &A% I gIA w1 gy
of & 71AI7F A5 80mbaro] o] HA FY
2g: 94 AAHA FHEAAN jet pumpy
water-ring pump %+ dry-running muitiple
vane pumpE At&3of @} FHAH vane
pumpy 3| A4 piston pumpe &7 WFE o
71tell A 80mbaro} e ¢FFH o2 wi7d=d A
B3t Bl AFAN B Fo J1AS 2
o] ¢}=o] 40mbar 7} HH root pumpE FI=Z
AFs/1E A9 a2 FE FANA 87
5 backing pump £E& HalA 47 A4
vane pumpt} piston pumpE AHE-E & o

BB W7

1.22 & Z& (1-10° mbar UM HZ

B AF 717 F AFEY AT w7
t}H &4 pumpy} sputter-ion pumpEA 8 FF
+ backing 4744 wHE 4 Ut

single-stage 344 pumpte %¢¥-& 10'mbar
7HA W2, two-stage 3A4 pumpe ¥HE
10°mbar7tA] Wt Bd F AF FHANA 7
A F717t AS g o|RE w7 ok
o, A-E pumpE Ay o B 9
2o et oA #AAE F23 #9 A
o 3t

ZE A4 pumpd W7l £¥L ¥ JtF
¢ HF Y F2dA 43 "o A
ol pumpEol FFHQ FAF ¢ I9d
W JL FAXE w7 Yo FEFY &8
9 o 50% 23 4YL FAHF Ft ®
& %9 71A A A FEe 1-10"mbare] ¢FHE
backing pumpEA] 3 A4 pumpE AY root
pump”}t ¥j7] 40| HI AFdd}, o]F ¢
F A% 9909 10'mbar olFYd W single-
stage 3|44 pumpE FE3H, F FF 9ol
10%-102mbar ¥®l+ two-stage backing pumpE
At} 10%mbar o| 3t A = backing pumpE A
two-stage 3 A4 pump® ZHEL o|& single-
stage root pump9] 7] £8& ZAgo,

28y 10%-10*mbar A}olo] A& two-stage 3|
A4 pumpE backing pumpZE ZtE two-stage
root pump £ A3 WS Fe W] £AL 7
=t}

a2y o] ¢4¥ 9L Yty o g vapour-
egiector pump?] FHY FFolth. of ¢y FH9
2ol 9Jo}M = vapour-ejector pumpZt 7H3 A
AFoln, FU/HF= 71} wh. backing pump
BAME single-stage ¥4 pump’t FZ3o}.
B Ade {AH G valvefle 7150 HY3)
o, two-stage 3] AAHIE backing pumpZE
3+ two-stage Root pump7} Hgaict. o2&
3} pumpy vapour-ejector pumpd] B]3] 7 A
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HolAe X AT fAH flo] LRFY 7+
Ad ¢ 3o

1.2.3 TEZ(103-10"mbar) M2 HZ

10°mbar °]3}¢] <3 ¥ 9L sputter-ion
pump4 turbo-molecular pump$} wlA7IAE A
A &4 pumpd] WA &k 34 FA
ol Y Fgo] W Y& FFY w] A
Fo] &7]9 Adxs oo} g}

4t pumpd] AFAHA EA4Q, 2T 999
Ao e 4} EL w7l £¥F vapour-
ejector pump?] Hojt A4, F AT ¥4
A9 & WiNFH 2L YA backing ¥4¥HE
AYANT 5548 4 H9Z, 42X L pump
7t ok gutd ez 10%-10°mbard] &Y 99
drae 5E3 oldE FF9 F4 pumpE A
Li=d

1.24 = DXZ(<10'mbar) Lt H=

Z A3F 9L W57 A3M e turbomolecular
pump$t cryo pump$t wHAZIAZ HAE fore
pump$t &4+ pump, sputter-ion pump X
sublimation pump®] Z{o] AH&HT} X ZAF
FGolA olzid Fejo pumpEe] AN A
g A7 A9AMe 99 71A 2480 &7
"

2. $&Eokd A3 A

1950d = o8 AF 7 F

o 0EY AFY YREY A o}
Nee BHAoj BE $4Eok wgA A
F #49 7143 WYE g B 71239
Ade g710e HAol old s WEL F2
g7 g2 olHd WPEL BE /12 4
E g AF J1edA sb 28 W) By
3 22 YA Yol ¢ d9o) g
AR 2PN 2 F Utk
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ultra-high | high Irmdmml rough I
VACIRUD ‘vacuum vacuum!

10°8 07" 1077 107 1 10

Pressure (mbar)
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Eo) Zoh 24 oiye 23, AR &3
EE AAAFANYG QA stes), AF 23
SN AYE =8 AF AP NAE A
Aste AAEE 2 AA7 =2 oja2 E
' 274 NAE AAGE QuY &4 F&
F ARD Az RS 2e TANE AAFHA
& FAOT FAHFL WL 34 dgue
FHE &Y AANN F2 o)Fo] Atk oy
& 34 BAY AzA B3I Fgsg wd
Qo] YR we oA o] RoxW EH 9
Ado] YR w3 2/ ¥z ARFoz Fu
dolof & #71ske A FEo| AN Az
Nzel W& Zo) AA B} of Wyl WHol
' AZY 39 EE 3F A2 AN F9
Holof & ZE THo| XPAT RE &4 T
ANE §719 2o Be g 99 FFo 2
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de71e) ( JFHE 7 ¥ £99 d3d

RFHe2 Fo3

ultrs -
high high medium | rough
vacuum | vacwum | vecuwum |racuum
ing of meatals
melting of metals I~
degassing of molten metals
steel degassing
electron-beam melting b

electron-beam welding
evaporation coating

sputting of metals

zone melting and crystal growing
in high vacuum

molecular distillation

degassing of liquids

sublimation

casting of resins and lacquers
drying of plastic

drying of insulating papers
freeze-drying of foods etc. =T
freeze-drying of pharmaceutical products
production of incandescent lamps
production ofelectron tubs
production of gas-dischage tubs

107 107’ 1032 1 10
Pressure (mbar)

38 2 M SSEoME XT o Y

3. 439=e 37 9 54

NAE AER AFAA A dxg A ¢
e ZFol7] A4 AFAA 74 YAES A
Ao g}, o] eo] vtz AF PZ EFo|,

NNEHoE, F I AF HE Alold] B
d TES 5 U

D w718 AFLZRE 74 dAES AA

3o & W Ee 48 QAR 4584 )
A YAEE Yz utdte Ay P=
(compression pump), £ 7|4 °oj$ F=
(gas transfer pump)3 H&1},

2) €FAY Exe of" g oz AA
g dAES A AN AT ¥
Z, ole) I ¥ E3 w7ld e A
e AW gFFe] €

A 71e % AAHQA &8 WA ol
2L Fee PEES Atz

olfEE (1) (2) (3)& 45 T & 7A

ol FZZ EFHH, UdA (4) (5=
entrapment HX, & -3Z(condensation) ¥

BH YT

Z(getter) BZ2 R,

(1) #7134 22 chamber MAL 71 ¢ 7
FEBHN FFde P, & EE /)
ballast §Z uw}2}A rotary vane, rotary
piston pump¥°] St}

(2) AFo] AT HIL chamberdlr Ao
ZHY I¢FoE J|AE Lwtsle HI
9l roots pump, turbomolecular pump7} &
ge

(3) W7l Fgo] BAFoZ A e 1
&9 f5&02 /A9 Faq 7A@
HI, %71 pump7t 7] &3}

4) %4 d3 F71& wrse Y=
condenser ¥ cryopumps©| t}.

(6) F& £ F59 98 7147 e 3y
A8 ®R JAE ZYIAAY 7Y ¥
£ ¥ X9l sorption pumpr}t HFHTH

A3 BEZEY o8¢ £FE DIN 284009 9

Adldg 18 3 2.2 el

2 b

34 AF pumpe FHH pumpe] FJd &
gt

%8 pumpe piston, rotor, vane, valve W
oet FAE o4t J|AME ey 43
o WEdte J1AFA AF pumpE ol HI
A, 29 71§-28 ¥ Ay (dry)gt ¢
Ze 34 pump’t ok SFole HEL JE
o2 YEIJEIAN F QAN 1007k )
€ §&3 £d 71§ 28l §12W dry pump
o A4 WF FAe] A f Z7] Wi, A3
o2 4& & e d4Fve HA ¢ Yol A
o, o 100] €}

w7] #7ol rotord] A EFOZ A Uoj
U g F79 34 pumpFeles d9A
g o]etA A9 rotary vane, rotary piston,
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_ Positive displacement
. vacuum pump
Re.(‘.jprocz?hng Rotary ' Fluid entrain- Ion transfer . Adsorption
positive i UITY Drag pummp ment pump |- um ] um ‘
wnentm;p pump 1 : pump | | pump - pump
Diaphragm Liquid ring - | | | Gaseous ring . . Sl R
u o — Ejector — Getter
pump pump pump pump ’ pump
] Sliding vane 11 Turbine oy Bulk getter
Piston H u H Liqud jet -
pump rotary pump pump 1t e ¥ | pump
LMMﬁple—vane il Axial flow | Gas jet pump T Sublimation
rotary pump | | | pump ' pump
[ Rotary piston| | [ Radial fiow | L] vapour et | Getter ion
pump pump 1 pump ‘ pump
| Rotary - | | Molecular Diffusion ‘| Evaporation
lunger pump drag pump pump pump
88 17 1] Turbomoe- Self-puifying Sputter ion
: Root§ I ﬂ, R cular pump diffusion pump pump
’l’.‘f on pump ! Cryopump
5
i
Diffusion '
ejector pump Cond
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F7le()  JFHZ £7 ¥ 39 gisid

Roots pumpe & U9A #3 (trochoid)
pumpE AL Ul Roots pumpE A 93}
3, o)t o] td¥d Hehe) pumpEL 19354
o Gaedeol 93 WHE RAL2 714 ballast B
g 23T Atk FA 71eAA FAYAA
71A ballastF A& 4% #4 5 pumpdl &
Zlol 71 W) & 5 Aok

7}) Rotary Vane pump

Rotary Vane pumpe 9% % housing® +9&
oA F4lol OEA AHAAE JHAZ A Ho
Aew, o] JAAE JAE WOz A o}

A= B4 448 s agz oW 3
YoM 34 g3 ZAZ dY $A4 =Ho
Qe vaneE FFEFIZ Ut o]H T vaneE e
I3 HE wE nnxy, 12 93 &7
E BE fe Y& 715E FilA AFFHoz
3718 W& 98 JFolA Bo 9 37
go 2 o] Wt} Rotary vane pump 2 ©t
P9 oil seal FHH pumpe] AYZ J1E
S84 2 98 AAZA F43H, £2 Q)
T3 ENE AY FH, 281 ¢2EE

ESe2n I Yzid J)o g,

Ao rlo M mu

cross-section (schematically) of two-stage
 sliding vane rotary pump
1 1 = high vacuum stage
.& = rough vacuum stage

2] A. Rotary Vane Pump &E%

1) Rotary Plunger pump
1% 5% monoblock AA 9 rotary plunger

B IHT

pumpd] GHEE Yeld Aot}

FHo & HAANA AE WFoz 3
A&+ piston pump housing®] W& wa}t mn
AR 23dd F4Y 7Ae gZW 4F BB
£ %3] EE29, slide valvel] 9 uj7| channelg
53 pump chambergto 2 &ut #r}

Slide valve® piston# 74 sue 4 @4
€ ¥43, hinge barfjol A olg Az wmjmz
AR AL wrE JAe AFEFoz ¢
d99 zedth HAJEZA pistend A E
718488 WET HEE 58 2uA g7x) /)
A& FFer)

YE §o FFE 7|2 rotary vane pumpd
Mt vtA7A 2, BE o} &RYE FTHE A
71 98 Ee 929 Y74e F7 498 &%
£ 9% wWAZA 2830 pump chamber
AARL A3 Y& pistond] 3] F RO
2 YoA7) g &) o gAvi B FI)E
¢85 3

13 5. Rotary Punger Pump 73T

t}) Trochoid pump
Trochoid pumpE& rotary piston F4& 7]$¢]
g9 ¥3 ¥ 793 932 LAHE duiA),

718 U8 $¥9 HTEoln Pistond FAL
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BRRA B

A FH2 99 A= FA FUAh oA
o] trochoid pumpE©°] F43<Q rotary piston E
t plunger pump®] ZA¢-e € €33 9%
H FI& )& F e ootk

Trochoid pumpe 4A°} o}F £ pumpEx
Agol glon, gaA 7|2 FAIglel AA7s
AR 71T Yot EF trochoid pumpE2
449 rotary piston pumpERT © HE 3
A 428 /HHZ 34 + 9o

Trochoid pumpe Y% Wgoez FE2&
rotary piston pumpelth o] <& IA A7
99 HBAE, ro] FEE AE WAEF, RY yho]
€t

HEU(R/1)7} o|gtte] 8F2 FE2& 25
A, FEE A=Y 2E FHL epitrochoid2
B E Ay AL Jg Aok HEEI 2
59 A4 ot 72 epitrochoide EHIO)
™, 2 A3} trochoid pump? pistionS B ¥ 9
9HEE Z+e=th pump chamberd Feje F4A

12| 6. Trochoid Pump EHS8I2|E

54

¢ 28 &E pistond] A o3 JlEHe
envelope curveo] 93] ZARE 71318 A
AZRE pistono] 3]As= Fel 34 piston
3} 4440z HFde LAY Ude RE
& & Utk o] AFNA AXNE ¥ stripd
pump chamber®] F47 FE& W&+ FEH
2Edd AAANA F A 2F o £

2}) 713 ballast A2

Rotary vane, rotary piston ® trochoid pump
s} 7 714 -ballast A E AHEFHEZH IS
FQl 714 B9 o tFe &% ¥ £+ Ue
%718 W71 @ & Atk 71A balast A= F
Z o #FF chamberdlA F719 &5& 9A &
. 2Y F71E WEE, F71ELS FEY &
EoAN 23 F/IEAT 4% € F A

Gaeded] 93 19359 A Azl 71A
ballast FX& old] 2¥H Z& FAd 93
pumpl #3719 $&& Yt 4AJA 45
Zrgo] g FZA A =7 Ao, pump4
o ¢4=uE A 10:12 Zax A8 F Y&
A3 228 Y F717t E 20

3 ~ballas -’ ¢
SN
2 zrzZ

Qo‘rking process with a rotuhy vane pump with
gas-ballast device

2| 7. Gas Ballast Device

ojjo] wi/l® File $E2Hd A
pumpE W& H7] A7A 71A ballastE 7HA 3L
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A&le)  JFHE §7 8 539 A5

4 T 5 A 2y wirlE F719 BEY
< d g 2FdNE gHed, FEGS of
F Yolo} g3 A 1074 428 o Z7)7}
pumpd ZF LEA & HojMe ¢dTh
@A £37%E Wyl se A4S, g ze
HUge £57] 54 23 (water vapour
tolerance) 2 4 it}

u}) Roots Pumps

Roots pumpe, E3 Roots blower2 ¢# 4,
AF 71& EoklA FHE $84& 72 Y

Roots pumpe A FHE o|F& 279
rotor7b ®tt] W#0 2 3 Ad+= pump housing
o 24 < (positive displacement) rotary
pumpe|th. 5 M rotore AP OE Sl @
He BYE 23 glon, NE NE gA @3
A pump housingd] W¥ g Ay FHolxF A
T AAY FE A3 FA 33U,

two identical
rotors

housing,inner
wall

H

schematic cross-sectlon of a single roots pump

18! 8. Roots Pump

Rotor®} housing WAle] @ rotor &FA| Ab
ol9] 7t7¢] Z& 107 Axoltk. 1 A} Roots
pumpe H33FHQ wEQe] & YA &£x=2
$3Y 4 94t} Slding vane, rotary piston %
trochoid pump$tE tHZFCZ Roots pumpe
718 4%l otk ojA& T& dry running
pumpo A g Zrol {9 R FAHE e

BB I

AAH2E Roots pumpE FY+ ¢4 o4&
A ¥zy e ¢FYE Zed. pump
chamber WH e Q¢ F&o| ¢ &L gL 2
€ pumpd| FUF Z3} wEF B ZUE k=
257] W& Root pumpd W¥ ¥4 o)g
ZE ¥4 pumpd FHF Yo YH3I BH
Heof it}

Rotor$} pump housing 2% & 7|2 2450
rotor®] 3ACE U W2 U4 FYFo=z
A JAFAZLE W& o|R 0] rotor AHA
222 rotors} housing®] WHH Ao] 7hz Zoj
Aoz oE}e 9% #A (backstreaming
process) ©] o,

ZHEEL $AE 9 259 pump WHY LE
Exd & @t 1FEL 4 Imbare Y+
FEHAN HATE He, ol o] FFHAA ¢Ey]
7t Adlo]7] W&oty FAld o9 7e ¢y
YL rotor7t M2 HE HZE8Au, housingd)
Wi 428 ¥4l il dYolg.

o] &< backing pumpE (sliding vane, rotary
piston, trochoid, water ring ¥ 2% RE)3}
ZZEA AL Yo, FAF d9eE F
5 H9E F7 AJZ e (1~107mbar), 2
@A Roots pumpg AME-3tREZR Ao 33
T 9927 FF WAE F7F A7 Uk
Roots pump¥] &5 e olF & W7 &
= (100,000 nfho) ) o] Aulg XY £ UL
o, o9} 7& ol f WEo) FUY FF YY)
A %71 ¥# (ejector) pumpRth © HA A o|t},

3.2.2 % 7|(condenser)

32 49 #5718 wildede $37171
7Hg ZAAFQ Hojo},

HAZ, %71 €37 257t 5719 o
SFEY FE3 33, 283 FAF ¢5 FE
7] 71e& BERAde 2x9 EE Yz "
ayy ¥zs 98 AFE ¥ 3744 (NH,
Freon)$} 72 g £33 AL E 4+ otk

S5



SR LE ki)

2 3¢ dvdA #5718 WrE o, 37149
3o gAY Muldi FHERH B e
AR Fe F7NE P4 T Ytk 2B
$2%71& 7)A ballast pumpEX A A s okgt 3
o, 283 A Roots pumpHE ZAFAA &4
sopgt gk, ' '

71A ballast pumpe FAIY B 49 57
€ W) e Ao] oI A¥H 737 £F
A @A Fe FEQA Fre FEE wWiE
T 715€ 7R

ayez F4 2494 &2719 71A ballast
pumpE AR AedA, ADF 9904 o
ojus f3HE @32 © A3 LA L
A %9 g F e AT ¢ 5 A e
3 94 WAL FSde AL FFHEFY, 9
T 9 o4 #39 2 T sinkPle Fold
#HAe] g7l WEelt. &F71-714 ballast
pumpd] Aol 715E Rde AAAA A4,
27 27 9 71A ballast Y+ T AAE
23 gart o

3.2.3 Fluid Entrainment Pump

7183 02 ejector Vacuum pump$} diffusion
pump AlojdlE BEE o|7k 3t} Ejector
Vacuum pumpte F2 $7F 9499 1S w=
td AHE &9, diffusion pumpe ZJF R 2
IAZEE HEY JE B FL F7, steam,
3 & F7HA] dde 44 FHE AT

o9l 7 RE HEEY Wiy FEL 7IEF
o2 Fddth wrE 714 EAEL &12R
B HZ {AEELE &4 AH, 714 EAES
70 93 W) w¥o g ojFIn.

olz Qs wi71E JAe o ¥ &Y I
o2 ol¢ "©g, w7l A AA e &7 (vessel)
o £¢ ¥ # gledl, °Jk nozzleE WdF ¥
29 Yz-d gfyd §$5¥ F7] E steam
FHZE 7] BEoltt

Gaedet: £FAo2 ¢ ¥& 39 g2 &

56

A BFE o83ty HELY 2 4YY J|AE
w7l & 4 glon, gEa 3 AA Y 99
o 71A BAEO] & AA ¢4Y FYLE
3 A& A9 A1 Az Ageld

olg} o] EWsax JAHY AHe F7
F&o] #43] A% FF & u LAY, @
A o g A FEYGY 99o25H 74
Eol ¢ ¥ VA REYY dgo= Y €
T Stk

Langmuir(1915) 7} #%9] A< diffusion
pumpE TEEH Gaeded| 71279 /AEE 9
£ A Tted F & F £E: &2 ¢
71 98, Langmuire 7] §30] 28&0=
nozzle2HH W& HEF Ao

Z71 BEAIR ojRolA FE KA Fie
pump housing®] ¥ZE HA &= =Ho, g
o] o]4® 7|ME backing pumpZ AAH7 A
7HA B4 Ee 2 o449 443 @A
2 ASHA &% ddh

Fluid entrainment pump& 7 X 4& +
€ ¢&Hle =8 Aotk

%9, fluid entrainment pump® Y7
10°mbar®] 483 10%mbar® backing ¥ o]
Qed wsE JAS 10" ARAA 58
"o

ot ¥Felel fluid entrainment pumpES
pump®] AFHe] F3x A& Fu7] nozzled
£ 74 pump A9 2= 93 FE Ao

7}) Oil Diffusion Pump

ol e WILEL /EFoE YZd ¥HE 7
I Sl€ pump body$t 3 Ee 494 ATz
FAEH A

HUE FAZ A2 & ol boilerdio]
ouj, A7} 7t 93 boiler2HEH F¢ €l
BT {A F7e 25 9 T2, ring B
%9 nozzle 2HH 2F&£0E YL

ol¥A FAHE EAE o|FFH XY H
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A&le)  JFEZ 7 & 539 g3y

AXM HZ fFAY §F0] dojue Yol =&
g

dH SFTe HE w ofgE ge ez
4 HFHOE boler2 HEolT) EAIY &
A i 7 dee AuFeg o 3 &
€ 718 49 JIAEY EATRY 42 H¢
BN E2 BA SR BEHL BAITE o)
719 A3 gA AAZ ¢43) E3E.

agEs & gEs g o wdd 24F
w2 W7l $2& Zet. od Ze AL dAR
ik gz A AF 999 Z2AH(<10° mbar) ¢
A, ole ol Zo] ¥ 4 Fre #A
o FFE "WE & U WEeH, WA A
FR & W g BA 43 A8t o & 47
M A A2 WP o A, vy) &
€ % 10'mbardl A A & Q1 HF ol w7}
A Za g

1% 9. Diffusion Pump ZHERI2|T

1}) Mercury Diffusion Pump

AF 71y JAA #£28 HE FAZE A
4% diffusion pumpe o|¢ Z& Feje Hzx9
HE Ao, Gaede, Langmuirs} Valmer7}

BRI

mercury diffusion pumpE& Z¢Hst wA A
Ak Ax9 diffusion pumpEL ¢A3 &
FEAT. 2y Zuz FL£0F TE
diffusion pump7} ¥WHoE F& HYOoH
HolA ZWA AT

7] &AF d8e 2RISR ol diffusion}
Y34, ol diffusion pump$ pumpA S
2N F&9 F7Go] o= FE ¢ Fue
AEg BEA Zol do. ayEZ YR
7Z %9 mercury diffusion pumpE-& ¥l=A] cold
trapg 7HA L A ok g}

4L 10°mbarZ W7l Yl dry ice, ]
Z-YZA17] alcohol =& freond YWHAAZ AHE
¥ 4 Atk 10"mbar ¥ 2 o8 ¢ J9e
A7 e 43 ALE YAAZ A

402 WEA mercury diffusion pumpE
< oil diffusion pump® nozzle AE3I §AsHA
AA g nozzle AFES 232 g, 2yy
mercury diffusion pumpE-E& ©X EEFx9}
3 e 9] 294 #Hojg,

1A AA% £F Rt o] HTfNE B
A G, ole IA o] £7]2HY 2YE
F 7IAE FrA don oud FAH AE
23 A= JelA 9] dEen.. FLy=
€ VL 1% o 98 & FVERH
337 98 543 A2E 39 AA &+
ok @t Backing pump®] ¥Wj& &7 #& w
EA &7 @Y AFFAY H¥o=RYH B
337 98 £92 AFsop 3t} Aluminium
¥¥ aluminium #3208 BE FAHEY AL
HEe, & B3F #7H(Lacquering) & I
g},

t}) Oil Vapour Ejector Pump

Vapour ejector stage®] Wl7] 3L 29 10&
ZFA I A g

HE §A7} =& 43 PstolA Laval nozzle
E AAE nozzle2 €0} 7ttt FE FAE A+
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48 P2 9P 9} o9} 7 HAA, energy
o ZA2d W3l ¥ &9 FUh Yo
g ARFoz Jt&E HE {3 37 EAle
Y 49o2 321, o)A AFe] A Hz
Jde 4712 4F €. &7128H JdeE /A
EAEC] oJRLE F7] BAIG @A MAE &

3 2o

Lo - nozzle . CoFer . ot
¥ daval v{;\zzlc) nixing region A

- dif fuser nozzie (venturi nozzie) é'(

Vconnection to vessel
mode of action of a vapor jet stage

212 10. Vapour jet stage THIT

Oil vapour ejector pumpE-& 1mbar$} 10mbar
Atold] e FHoN gL 9 AU FIE
w7] st o) dA o2 A3t Nozzle 02
2 959 F718 #% E2EN F7) HE &
oz Wj7ld 7AE &Ase Ao] diffusion
pumpolA Rt} HA © AAI dojue AE
2As Fv, 2 2 /A 71 /&9 9%
F0E AR drh

T o], nozzled EWd HAE Q3 Fito]
daste EHol Y FHoh 2YEE vapour
ejector pump® 53 Hl7] £ =+ diffusion
pumpEd FEHT At EAFHoZ ¢ EL
A7 gEste] de BAFF 249 wirE A
T Z2ARAHLeE 5§ 2 HFAd 9%L w7
2, 3 212 499 4T F=HAA Lo
xil=3

2) Mercury Vapour Ejector Pump

W7l $AL gAAM 71€@ oil vapour
ejector pumpE#H F43th 28, 10°mbar ¥
a2 ol 4T M F29 L F7¢
& cold trapg AM&-3iofgt ©t} Mercury
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vapour ejector pump®] Hu backing ¥ v
+ =t 5 o 10mbaro|th. F&A L vapour
ejector pumpES & M9 A @AY F A
UE A2 74 "o,

3 nozzleZ AXE 9% dAlE w7 &
o ug 7ty e IS¢ 4¥S AFEd.
Oil vapour ejector pump®A A3 AAY
forevacuum @AlE ¥& HY backing ¢4FE
A, 243% F4 AF WA =2 A
Zg AlF8ch Mercury vapour ejector pumpE
& 1073} 10'mbar AlololA g Huj wj7)
&5 & zheth 23y ol vapour ejector pump$t
£ WRFHOZ Mercury vapour ejector pump)
w7l 27t Z3AF F90A oA A Fe)

5 E vapour ejector pumpE Fol, & AY
9l mercury vapour ejector pumpE& 1A &
54 w7 €%, & 47 GHF FEE wu)7
" JIAY M e ASFE Ze HITog
agy, ¥4 gEd ol & W7 £x& 9
3 2 pumpE AHE & F Qidh

u}) Pump fluid backstreaming and its
suppression

HE A EAE9 95771 24 ged, oe
diffsion pump?l W Zd}7] nozzle2H €9 Z7]
F2A, BZ {3 EAE] YzZE HZYo
2 WHLET Aol gor YR EAE
8 FEE A GIYoR & YR g o}
A 87 BgoR 3E F 7] Yot

ol §FFE 47 Y+ dHA ad W) £3
 micrograme] B¥t} o] H J{FFL Fol
71 98, 48 2XNEL FA9 Aok do}

IAF Z nozled ©|EH I nozzled E7
AZ € pump body ¥ e,
nozzle £7E%E W79 g= dgozg
- F7 fE ARAA tEE § e 37
A5 922 Ug & F UEE 43X
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Arle)  JFHE 7 ¥ 549 Hjso

sojoput g},

b) HXZ Yo WAL 7t53d g ¢A% pump
FA F719 §F0] dof Y, & F
T HE fAV 44 &9 2 & U=E
Aol @,

c) 87EHe 34 4o we, F Ee
2 o}de] BE HA trap, baffle £E cold
trapg FHZ §7] Atolo] X zjof A}

u}) Water jet pump and steam ejector
2A 32& 371§ ¥Z {AZ Agste
HEZEWo] fA entrainment pump® ol &3
€ o] ot} Liquid jet pumpE E=F XH
g0 7H3 ey Mg R AF HEZEL
water jet pumpE°|th Vapour pumpolA g 7
o, AA AN F&°| nozzleZH¥ WEHW, 2
A OF 2doz dsf EFAA wrE 7A

2! 11. Steam-ejector Pump

BRI

¢ &£ @9 FFHoz E-7)H EFAY o
5] Venturi tube2 =3aA Yo} dt} Water
jet pumpel 93 wi7]E £71UY FI3F 4Y
< E9 371 g3 AR HA, 48 E9
15°Ce & 2=olA ¢ 20mbare] 3tct
Water jet backing @74+ ©}& backing pump
glol &3E 4 Aok #Y el (over pressure)
o de F7 FEL ol&3d AFLAE &
3mbard} F& ¢Foz w7l AZ F+ U

- SteamO 2HE Y FFFE WFAE T3 W

g} o] pumpd| water jet AT E&E F7l
A7) 98 B2 Y g,

oY 7hehg water jet pumpE JMAL 4&
F Ue 4ol BFE3I, IHOZ rotary
pump®] ARgo] H|ZAFHolZH, 4Y¥H FF
Ak fArE dule ws1E A8 53] steam

 ejector pumpE BF 39, o] RS 4 mbars] ¢

HoA Ad3A E Zoln

3.2.4 Trubomolecular Pumps

Molecular pump?] €8+ 7|8+ 71A 4=
ol ME2A Lol rotord FHI FEFHA,
875e 38 H¥oE F4E ¥ AMY ¢
&3t gtk B4 disc¥ el Rotor EHL 7]
A7} backing portZ o|FHE FHE 7Y Ev
stator I FAI BHFA A FAEH Aot

329 Gaede molecular pump$}t ©)& 7 F&
HEM e 7o]=x ZF7H(transport channel)o]
s Fgow, o9 7L AL HAXE oA
BEX JIAAY LEE 433 29 dh

2 d Ao Aoz turbine )9 rotor
bladeE ©]&3d, 7|€Hog APYT F Y&
gqzzHN A9 turbomolecular pumpE A 3
%t} Stators} rotor Ale]g] F7+E millimetre 3
712 HERLH, 24 o & IAE 4g F
AN o2 Q3 $AF 3T AP €A
ot 29 12& AFAHQ] turbomolecular pump
o dHEE B Fe Aok
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HEZe #3702 AA% & Ug 3§ 4357
oW, F=o FAF E& wjy] FEL stators}
rotor2 A H] St} Stators} rotore °JE ¢
F F9d turbine bladeg 3 glen, Z7)
rotor/stator ¢ ¥3¥ bladedEo] BAZ 74
Hol Jom, 2 A AAHY zYL FJE=2
AR g9 gAZ 34 "

W1 7IAE 4 flange 78S T3 I3
Tg8t & AxY od &4gle], & 28 '
¥ Y+ HAHL wEV] HA 5 Z y
739 gMES /1A bladeZ FAF rotor/stator
ZgAd e A bladed uj7) WA FH
Tgdd.

9 22F dAd g3 2FE JAe o #F
< W39 gl EY bladeE 717 W 4Y @
AZ ol%H™, 9714 7]A & backing pressure
X = fore-vacuum pressure®2 ¢ Hrt}
Turbine rotor& 27§28 A2 ball bearingoll ]3]
XA E & drive shaftell 42 &9, motor housing
Wol A 3t} Rotor shafte rotor] fore-
vacuum 7+ 719 ¥& 7+ AESF motord
o3 AY FEHW, BE ol F ¥ FL 9y
BAste A AFgF "7 g3 FFHo
FHIL AFLE Ao Ho},

2 &8, & A =&He AGA

motor generator frequency converterE A&
1t} Rotor/stators] 3¢l wjgL 71A %
8 HF z7A& AFHHE, A 24,0003
30,000rpm Atol9] A EEAME VAT A%
FAE AT o} ojgt e A &N A
F°l fle +4& 2437 98 turbined XY
T 29 FEINN GFHoZ FHo| &
A dn.

A0l AF % '3t £47 flojok
t 9443 83 ZZAJAAM £ mgneto-bearing
turbomolecular pumpel] 9l8 = Ht} o] P
oA turbine motore pump W9 ¥d e A

Ao 93 5717 AHE BFE e itk

o
=2
1)

s

a4 [

¢

6o

Statord] #d)7] €9 U+ & bearing2 rotor
€ B9 dged FHEz 43 g F AY
radial bearing2 rotord] &9 #9 MFAL
et Z bearingd o}F UZE g9 A
7l 93 mEo2 Ao "ok &7 AFY A
29, oJHEd EFE 87 HA gt AFH
o2 oy pumpe ©3 Fide A3
F#sit),

Turbomolecular pump¥] 7] £x& AA &
+ 948 dYd 4A 9§

FAL @3 £4& £A454 A3 & 424
2 9#, WZE baffle = trapEe] 87 919,
turbomolecular pumpE& AFA AF |4
& 4 5o, g3l #4a7t fle AFE 24
Ztl. Rotary backing pumpd] 93 d& $£4
& 4¥e ofF @] wie, turbomolecular
pump: 10"mbar 9 E I ¢PL d& F
Aok ol 72 F3 e ¢¥HE A3 4
3, B8 237F 7I¢9 4vdQ #3& 93
3 E4dte Ao ¥asid,

ol F W& AN ZE JAe FE AFA
o F&Yog2 g AAYE H,E2 74 ¥4

18] 12. Turbomolecular Pump<.
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AF7)e1)  AFHE 55 ¥ 539 g3

o] 73%-o] A4-3} backing pumpe 7] &£ &
7} 30ni/he] 29A rotary vane pumpdh. &
A\ #F H, B8 ¢ 80-90%9 €3} o ¥
Ag BERAEL 433 Tihde, FFo] 4rv
R E BAEL HE HA g

3.2.5 Sorption Pumps

Sorption wiA ¢ J3 FHoZRE JAH Y F
71& AAd}e ZE AulEo] Sorption pump$
Mol 23 "ok wi7]E 7)A gREL oy
sorption i X 9] EHAN T WRA T4E
o, dA2e, B3 &% 94& FHY(4LH
%3l van der Waals 3)o} 7]%3le] Chemi-
sorption, adsorptiondtAY E& M E-E sorbing
EHg 9470z YAste ARAA 719 ¥
ouZH ojFo] A oEY F& HYE ¥l
3224 adsorption pump$} getter pumpE +
£ & 4 9+, adsorption pumpd A€ 714 ¢
sorption®] ®EE ZF3e FF FAAHd 9
7bets] dojum getter pumpdlME 714 ¢
sorption¥} F&o] ALHOE FAHE N2 L
33 B0 (getter) o) AASE JUEY @
4 719 &

7}) Adsorption Pumps

Adsorption pump2 ®AE A=Z& A
(molecular sieve) £ &% 23A(F gA3¥
ALO;) 9 ERAA 71A9 EF FF 44
w2} ZF g,

1}) Sublimation Pumps

Sublimation pump& getter E3& FE3A
getterto 2 Wzt W& Heo & sorption
pump®| . IEE titanium FEFoB FTAE A
3 719He 2 F&3+= sublimation pumpdlA
£ Titanium& getter 232 A4 v}, Getter
o] B2 71A FTVL2HEY dAe 3
A9l F&(chemisorption)d] g3 +% HHY

BMHIT

inlet , @ ‘
port S |
7/

A 'l\\l\
|
4V

support Degoggﬁg v

port

s

AALLUAR R ARV OB RN

Pump |
body

ThHermal
. conducting
vanes.

Adsorption
moteral

© 1% 13. Adsorption Pump

dup b9 AR titanium Y AFES
A3, o] FAT F e ¥ FLE
Zteth 8A43HE getter Fo] oA FH|
os] MEgA TEAZG

A sorption €% AAZE A 4& F ¢
A s, 47144 U &2 AN Ee
23FY 7IAE ARl BEEA AE3] W)
g F de A3 =L vy £EE Zeth
Sputter-ion pump$®} turbomolecular pumpe] X
Z B (boosters) BA] B2 7 %9 sublimation
pump®] A7} Ao} @3t}

t}) Sputter-ion Pumps

Sputter-ion pump®| ¥W7] 7]%& o|&3€ 7]
A GA 8 AFHE sorptionFHF o 2E
F3 Utk :

a) AL 3 4& A3 A%Y £33 9
£9o] EojgA &3 EA(titanium) & sputter &
o & A %ol titaniume getter O
2 Zgdn, A2, A F29 o] wigE=
71A 4AE F& .
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b) o] 23d 71H YAEY energye T E
He o] 9 7 F ALUF FE3] ZH, o
ZolA YJAEL o] #F¢Y(ion implantation) ol
o8 FFdd. ol 7L ¥y sorption I3
2 34 9 &84 JIAE EFT RE =Y
iond] th3] §&3 ) ion E& Penning 714 %
2 Qg

2709 HPg &F Alojol stainless steelZ T
€ 2HA uAE 9%3F IS 2YIH,
FF9 FL& T3 £ SFE 3 U
8 Fo AY(£KV) e ok AA AF A
T2 s, 398 A% A4 9k B=0IT
A fA

1A HE&e ARNEL B I Wy
B2 3o Z 4 fon, vl 2/ &34
of A% B W ZdY. oj3F #H 9 FHA=,
g2 AR 2= F2(n-=10%m3)o] 7 ¥
2F & YA, 9714 FA 1A dAES
o] 23 Al FE §E0| ofF ALY ofF
we 714 dxdAzA ion/AR B FE of
F AAM AR 2=}t dAZ 9AHA ¥ 9
A J1A BEol 222 A&HW (M &3
WE), EAL FFL2HEH AR F7F F9
e A dd.

o] 258 FFY ZJ] Wi, o]LEL F9
A A7 AR A o3 FFol=wl Sl
L A gen BE AR & T4 9A
9% ny, A EWE n-9 F 4E Zo| 1.4
# @

o]l AJle $EA W & dHFL 714
o e & . W& AR & A T=
nd Fol7] W&o, Penning A7|oMs} 7
o, H& AR Iv ¢¥L &% e AL &
F Atk 2N BHe Fe kg 722 AF A
2 wjgg ZE diodedH sputter-ion pumpd
A, getter®fo] 4= W Yo 2d3 wF F
33 e 39 sputtering ¥ Atoldl FA

2.

62

@ Titanium otors

"0 das’ particte ST
O Positive ions "

@ Electrons

1| 14. Sputter-ion Pump JHZfT

°o]2E5o &3 Hdd &I & sputtering
o Yol wa}, HEI 7| YAEC] tA
AFE2H Aok o] wlY (jon burial)ol] <)
24 w7l & + de 9 VA4 g ¥
7159 4uizke A7Fee Al Dioded
8 pumps}t+ €4, triode sputter-ion pumpE &
A g v 2ERY (latticed or reticulate)
T2 3¢ 23 Jden 37 A U
7] £xof o] 48 HFAHE e

3.2.6 CryoPumps

Cryopumpst &5E (120KE ¥ZA7 EW
o2 748 ZF PZon, uA s F7)
go| ¥Ztd E4A $FAY B Y WG
¥ AE ASEYd FHEY YZEHe A
47 AAE Fx Ut

RAALE2 YZANY F7] trape o]
cryopumpZA &3t e @A @2 u5A
o WAL AS3E, d& 9 944
helium(¥ 53 42K)22, 2997F 714(&, 0,
N, 28X H)E &5 E& I3 93 w1 g
F Stk I 2 23FFE AL 946, AL
EWL 25 E 20Ko|5t2 Wasor g,

7}) Cryopump®] 3=
Yz o) wie} ofF 9} o] FEFT)

a) Liquid-pool cryopumps

B #8129 13 (2000 &)



AF7le) ; AFHE &7 ¥ 599 39

b) Continuous-flow crypumps
¢) Refrigerator-cooled cryopumps

Liquid-pool cryopumpolA] £71¢ #5¥ &
AA| helum(LHe) 22 W73 YZEHLE A
£3ith, LHed AHE Fo|7] s, AL
(LN,)2 32§ B AXA chevron baffleo] F<d
EAHRE 9 300K)o| tis WZEHe H3E
o}, wi7lsjord AFL7)d 3 liquid-pool
cryopumpd] X & A3te A& JA| helume
2 QYA &7 st WY A3 &
2

Continuous-flow cryopumpol A, W2 EHE 9
2 helum$&712588 £ € pumpdl & AA
heliume] F85He €272 HAGY a2
71l @3l heliume] &0 ER@7Y L%
g ZA %} LHeol Gz dr|oA F23id, €
A7 E EEFHOE YAAZAY. AL helium
17t ZFEEA] g ¥ EHE RIde
bafflest EAlzIHE YZHA7]7] Y& F ¥A
g2§7|2 3E0. continuous-flow cryopumpe]

€ AFE79 d3 dgFez 4A¥ ¢
a1t} Liquid-pool cryopump?] 7Z$9] Hod
= A WA EA(2 LN, Y $A%4e 1@
et

Refrigerator cryopumpol A, ¥ZH-& cryopumpdl
AFA FAEL 294 ¥F7] ¥ headd 9
3 ANEY AL 98 helumZ|HE HIY=2
Qtel Al cold head® 3 &¥Hat7] HE UF7|
7} ¥83c, McMahon 939 wat L£Ase
¥5718 ¢4¥e] 228X FRE F e 249
#L& T3 cold headdl |AFT}t Cryopump W
cold head®] 7-¢-& Y43 oz dste AAA
R + Uk

ZV—M W%7] pumpe EALHAA G baffled
7233 Qo oy @ 279 HEL £E 3=

2 ARFLE AT Yske & Auld g
o, WA cold heade WZAEHWE FHA A

BRI

WA F Ut AHHLE Y57 $HE o
F A A% & 9. Y3EdLe 7 Ee
202 A o, YEEHE 43t € £
(active charcoal) &2 YA Ui, watr o F
A &EZHA cryosorptionEFHE ¥ + Utk

12 15. Continuous-flow cryopump #2|%T
4 4 &
AF7HA AF3FY &7/, AL =Y F

F 2 5749 st 4ne A3 ggd 2ol
LY $7h Ak

¥o P i ojd
oXx
>, o
ol
ok
L
o4
rlo
o
2]
&
]
=
o
ot lo

2) 2t AFFGEE AR HI Qe HEY FF
o dael AVFL B4 YA W EE A
2E HEE FAZgN = 84 T+ sputter-ion
pump7} AMgEI LI 1°ﬂf‘1~r_— turbomolecular
¢ ayopump 18X 2RAFNAE o9 2%
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oz AH4EE ¢ F7t Aok

) AQA, Bg 2 g 3P SA A
£3E ATGIHAA DANE Lo} msted)
(29 1, 28=) o9 osle ALAY HIYE
=¥ 7} A

4) AFFZe A 45 Ee /A% =
9 &% Ee FIYZ AR EF7t M
o, 7]&ol4 HWEE FthA] positive displacement
8 kinetico.2 EFHI Z7e FF HFAo w
€ AR} 7hsdt olE AEA i £
Fo A3 7iestin

@A AR “ﬂ°]‘§“ 5 FAFolE ¥
Z RIFE Ad3ie AY YRES A2
TUs AHEE L 9,1.9."1 turbomolecular,
sputter-ion pumps} & IANFHZ g 1
4%, TAZAY 7€y Faside AFsga
B4,

1z

(1]

(2]

(3]
(4]
[5]
(6]

{7]

(8]

(9]

#ILE A

Varian Vacuum Products 1997/1998
Catalog.

Leybold Vacuum Component 1999/2000
Catalog.

Alcatel CIT Vacuum Technology.

Vacuum Technology ISO Test Procedure,
Spectra Catalog.

H. Bode, Corrosino-resistant Root Pump,
6th National symposium on vacuum
Technology, Transactions, 1960, pp.268-
270,

W. Espe, Materials of High Vacuum
Technology, 3Volumes, 1966,

F.A, Flecken, Gaede's influene on the
development of mechanical vacuum
pumps, vacuum B 1963, pp.583-588.

M. Dunkel, Memories of Wolfgang Gaede
on the occasion of he 100th anniversary of
his birth, Vacuum 29, 1979, No. 1, pp.3-8.

#sl #8129 15 (2000 &)





