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Dependences of speed of pumping of diod and triod ion pumps (SIP) in various modes of their work are
investigated: periodic, continuous, with warming up and without it, at cooling of triod pump (TRION) with liquid
nitrogen. Requirements to SIP for storage ring (N-100M) were determined.
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1. INTRODUCTION

In a vacuum chamber of N-100M, wich is closed
high vacuum volume, for maintenance of dynamic
pressure ~ 10” Torr will be used SIP and pumps on the
basis of sprayed evaporable getter pump (EGP) and
non-evaporated getters (NEG) [1]. One of the important
parameters of any pump is its pumping speed Ser = Q/P,
where Q is a gassing stream due to thermodesorbtion,
leaks and synchrotron radiations (SR).

When SIP is new or is regenerated with (warming
up), a superficial layer of the cathode pure and gas
reemission is small. In these conditions the pump is not
saturated

and value of S.r due to all mechanisms of pumpings
maximal. As number of molecules implanted into the
cathode is increased reemission due to ionic
bombardment is increased too. As consequence S is
decreased until balance between ionic implantation and
gas desorbtion will set in. It results in "saturation" of the
pump and S will be determined by activity getter of the
sprayed film from the cathode and is equal to half of
pumping speed of a "nonsaturated" pump. Thus, the
effect of saturation depends on quantity of molecules of
gas implanted into a cathode, i.e. time of saturation will
depend on pressure. The pressure is lower there is more
time before saturation of the pump. It is shown in table [2].

Dependence of time of saturation t, SIP from pressure P
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It is seen from the table, that in an optimum mode a
SIP is in operation for a long time (years) under
conditions P < 107" Torr, and it is necessary to start an
operation at low pressure, in particular, provided with a
turbo molecular pump (TMP) (~ 10 Torr).

2. EXPERIMENTAL RESEARCHES

On experimental bench [3] we investigated
dependences of Ser of a diod (SIP-0.25) and a triod
(TRION -150) SIP, which were in long operation, at
various modes of their work periodic, continuous, with
warming up and without it, at cooling of TRION by
water and liquid nitrogen, etc. Volume of experimental
vacuum bench is V=731, specific gassing evolution
g~ 1.510" Torrl-cm™s”.

Fig. 1 shows pumping characteristics of a diod pump
SIP-0.25 which incorporated to the measuring chamber
through an equivalent aperture with conductivity
U=601I/s. At periodic pumping (curve 1) Ser grows
from one experimental session, and after eighty hours of
continuous pumping Ser =20 I/s at P - 1:10° Torr.
From dependence Se+ = f{P) at flooding of nitrogen as
probe gas («the direct motion») (curve 2) one can see,
that Ser =42 I/s at P=1-10® Torr, and at reduction of a

stream of gas ("reverse motion") S.r=f(p) (curve 3)
does not coincide with variation of curve 2. Apparently,
reduction of pumping speed of the pump is caused by its
stay at pressume P > 10 Torr for long time. Further at
a continuose pumping S is improved and achieves the
initial value ~20 //s. Curve 4 shows calculated value

Ssw= (S, LUY/U = S,;) =1501 /s

at pressure P = 2-10® Torr.

Similar researches of pumping properties of a
TRION pump are shown on Fig. 2.
In a mode without liquid nitrogen Ser = 10 /s at
Puax =3.8:10° Torr (curve 1) the maximal speed of
pumping (curves 2, 3) is achieved at P =2.5-10" Torr
and is equal to 50 //s. In a mode with liquid nitrogen
Ser =50 I/s at Pg, = 8:10"° Torr (curve 4). At flooding
2as Suax = 280 I/s at P =2-10® Torr. At reduction of gas
stream (reverse motion) essential reduction of pumping
speed (hysteresis), curve 6 is observed. There, where at
direct stream Sn..=280/s (at P=2-10" Torr),
Seir = 19 I/s. Such reduction of pumping speed can be
conditioned of work abnormalities of an ideal
condensation pump. After the termination flooping in
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time, equal ~ to 1 hour, pumping speed is restored
(curve 7).
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Fig. 1. Pumpings characteristics of a diod pump
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Fig. 2. Pumping properties of a TRION pump
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Fig. 3. Pumping speed and pressure as vs. time

A few continuous sessions of pumping with
warming of practically all units and elements of the
bench up to 200°C have been carried out. Results of 52-
hour session are shown on Fig. 3.

Preliminary pumping was carried out by TMP with
liquid nitrogen (1,5 hours) up to pressure ~7-10° Torr at
which warming up switched on for ~ 17 hours. After the
warming end at P =107 Torr, SIP-0.25 and TRION-
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150. Further, about 22 hours it continuous pumping by
both pumps was conducted (TMP at this time has been
switched off). During this time (see Fig. 3) Ser was
increasing with 7 I/s (at P =7.9-10° Torr) up to 29 I/s
(at P=1.3-107 Torr).

This stationary condition was holding for about 16
hours then in TRION-150 nitrogen was filled. During
0.5 hour pressure has improved up to P=5-10"° Torr,
and pumping speed increased up to 74 I/s at this
pressure.

Two day after that session (with warming) the
system was not pumped out and was kept under residual
gas pressure 10*...10° Torr. After that the system was
pumped out by the both pumps every during 8 hours
session. If turned out, that keeping of the system at
pressure 10*...10° Torr resulted in practically full
degradation of pumping speed. In 16 hours of parking
the system was again pump out during 26 hours. Filling
of liquid nitrogen resulted in increase of pumping speed
up to ~ 45 I/s at Ps, = 3.8:107'° Torr.

Considering dates in Fig. 3 it is possible to make the
following conclusions: warming up of the pumps and
units of the installation results in increase of pumping
speed (especially in a continuous mode) as without
liquid nitrogen in TRION (from 14 I/s up to 29 I/s), and
with liquid nitrogen (from 45 I/s up to 74l/s) at pressure
in ranges 10° Torr without nitrogen and 10™'° Torr with
nitrogen.

For various operating modes SIP the spectral
structure of residual gas was investigated. As vacuum
volumes of the bench were in operation for long time
and the basic means of "cleaning" of vacuum surfaces
were hydrocarbons (gasoline, acetone, spirit, etc.) that,
except for active gases, rather big percentage (on
occasion up to 50 %) is made with hydrocarbons (up to
weights ~ 100). Their amount decreases at presence of
liquid nitrogen in TRION up to ~ 15 %).

At small gasing maintaining in vacuum system of
pressure over the range 107...10° Torr (for start SIP
without use TMP when liquid nitrogen is necessary) is
possible to use pumping properties ion pump a pressure
unit (IMG-46 or IMG-32). From a balance equation:

d
=PS=-—(PV 1
Q 7 (PV) @)
at V= Const it is possible to receive
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P= Pe
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Fig. 4. Association Siyc.4s = f(P) vs pressure P

S- Vln(fl- / P) ’ 3)
where ¥V is volume of vacuum system; P; is initial
pressure; P is the current pressure; S is rate of pumping;
t is the current time (in seconds).

On Fig.4 association Swmcus=f(P) received
according Eq. (3) is given. It can be seen that Sy = 6.40]
102 I/s is conserved over the range pressures 107...10
STorr. At these measuring specific gas-making q was
equal tol.500" Torrl-cm?-s”, and a stream Q=2.700
8 TorrI's". These sizes have been measured in vacuum
volume of the stand by standard methods. At the long-
lived pump-down by valve IMG-46 pressure P =900
7 Torr that meets to rate of pumping at this pressure
Siim =Q/Piim = 300107 I/s  received. At collateral pump-
down by valves IMG-46 (in the big camera) IMG-32 (in
the small camera) [3] at pressure 1.5000° Torr integral
rate of pumping S s = 10.40007//s, i.e. of a pumping
speed IMG-32 Sivg-32= 40007 I/s is received.

3. CONCLUSIONS

The experimental investigation of pumping
properties of ion pumps allows make a number of
conclusions:

—to use new or not earlier in long operation SIP as
well diod, as triod types in a continuous operating mode
and an opportunity of warming of both pumps, and units
and elements of vacuum volume;

—at physical and chemical methods of processing
(cleaning) of vacuum surfaces to reduce to a minimum
use of hydrocarbonic solvents.

—for start of SIP to use a station of preliminary
pumping on basis of TMP with liquid nitrogen, i.e. at
P <107 Torr. For well degassed chambers (g < 20010
Torrl/cm?-s') at  preliminary pumping from
P=10"...10* Torr up to pressure U 10°Torr it is
possible to use ion pump gauges of pressure IMG-46.
The measured pumping speed in a range of pressure
10*...10” Torr was equal to 0.06 //s and our volume
(~73 1) was pumped out from pressure 10* Torr up to
pressure 9-107 Torr for 5 hours.
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Vacuum technologies.

UCCJIEJOBAHUE OTKAUHBIX CBOMCTB MATHUTOPA3PSIJTHBIX HACOCOB U
MAHOMETPUYECKHX MIPEOBPA3OBATEJIEN

B.TI'. I'pesyes, H.U. Mouewnuxkos, B.Il. Kozun

HccnenoBanbl 3aBUCHIMOCTH CKOPOCTH OTKAYKH JHOJHOTO W TPHOIHOTO MarHUTOpa3psaHbIX HacocoB (MPH) B
Pa3NMYHBIX pEeXHMaxX MX pabOThHL: NMEPUOANYECKOM, HEHPEPHIBHOM, C IPOIPEBOM M 0€3 HEro, NpH OXJIAXKICHUU
tpruoguaoro Hacoca (TPMIOH) xxunkum azotom. BeipaboTans! TpeboBanns kK MPH s makormrenst H-100M.

JOCIIXKEHHS BIIKAYHUX BJJACTUBOCTEN MATHITOPO3PSITHUX HACOCIB TA
MAHOMETPUYHUX ITEPETBOPIOBAYIB

B.T'. I'pesues, M.I. Mouewnuxos, B.Il. Ko3in

JlociimKeHo 3a1eXHOCT] IBUAKOCTI BiIKAYyBaHHS i0JHOTO Ta TPiOAHOTO MarHitopaspsauux Hacocis (MPH) B
pI3HUX pexuMax ix poOOTH: NepioJUYHOMY, Oe3IepepBHOMY, 3 MpPOrpiBOM Ta 0e3 HbOro, MPH OXOJOMKEHHI
tpionHoro Hacoca (TPIOH) ckpamnennm azorom. Bupo6neno Bumorn 1o MPH mist Hakonmuysada H-100M.
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