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(57) ABSTRACT 
A vacuum pump including a centrifugal compressor 
stage on the side of a suction opening and a circumfer 
ential flow compressor on the side of an exhaust open 
ing. The centrifugal compressor pump works as a Sieg 
bahn pump at a steady state, and works as a centrifugal 
compressor under a transient condition at the initial 
stage of the pump operation, thus obtaining a high 
pumping speed under the transient condition. 

10 Claims, 3 Drawing Sheets 
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Re. 33,129 
1. 

WACUUMPUMP 

Matter enclosed in heavy brackets appears in the 
original patent but forns no part of this reissue specifica 
tion; matter printed in italies indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a vacuum pump 
capable of evacuating gaseous body from the atmo 
spheric pressure to a high-vacuum and relates more 
particularly to a vacuum pump suitable for making a 
clean vacuum in semiconductor manufacturing appara 
tus. 

Sputter ion pumps, turbomolecular pumps, cryo 
pumps, etc. have been known as conventional types of 
vacuum pumps. Any type of these pumps requires a 
roughing pump or a backing pump in order to evacuate 
air from the atmospheric pressure to a high-vacuum and 
they necessitate complicated controllers and the like for 
controlling the operation of both pumps, thus enlarging 
the size of the system using vacuum and the installation 
space for accommodating the system. 
One known type of pump for enabling evacuation to 

be carried out from the atmospheric pressure to a high 
vacuum has been proposed in U.S. Pat. No. 3,969,039 
wherein pump is bilaterally symmetrical and is pro 
vided, in the housing, with a turbomolecular pump 
stage, a spiral molecular drag pump stage, a centrifugal 
compressor stage and a vortex diode pump stage lo 
cated one after another from the side of a suction open 
ing to the side of exhaust opening. 
The turbomolecular pump stage is composed of alter 

nate combinations of fixed plates attached to an inner 
wall of the housing and rotating disc plates attached to 
the rotating shaft. The spiral molecular drag pump stage 
is composed of alternate combinations of fixed plates 
attached to an inner wall of the housing and impellers in 
the form of disc plates attached to the rotating shaft. 
The centrifugal compressor stage is composed of alter 
nate combinations of fixed plates with a diffuser at 
tached to an inner wall of the housing and impellers 
attached to the rotating shaft. The vortex diode pump 
stage is composed of alternate combinations of fixed 
disc plates attached to an inner wall of the housing and 
rotating disc plates attached to the rotating shaft. 
The rotating shaft is driven through the medium of a 

turbine which is connected to air inlet and air outlet 
ports formed in a side wall of the housing. 
A vacuum pump arranged as described above can 

effect satisfactory compressing work when it reaches a 
steady state, the pressure at the suction opening, that is, 
the ultimate pressure thereby being sufficiently low 
ered. However, at the initial stage of the operation of 
the pump, that is a transient condition, the ppmp does 
not work at a sufficient pumping speed. In such a tran 
sient condition, the turbomolecular pump stage and the 
spiral molecular drag pump stage which are effective 
for the molecular flow air or the transition flow air do 
not substantially effect the compressing work because 
of the high pressure in the pump. The flow passage of 
the spiral molecular pump stage has an especially small 
sectional area so as to have higher pressure ratio, 
thereby causing high pressure loss while at a high flow 
rate. 
The object of the present invention is to provide a 

vacuum pump which is capable of evacuating air from 
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2 
the atmospheric pressure to a high vacuum so as to 
obtain a clean vacuum and which can work at a high 
pumping speed under a transient condition at the initial 
stage of the pump operation. 
To this end, the present invention provides a pump 

comprising a housing having suction and exhaust open 
ings, a rotating shaft rotatably supported in this housing, 
a plurality offixed members attached to an inner wall of 
the housing, and a plurality of rotating members at 
tached to the rotating shaft, the fixed members and the 
rotating members being alternately disposed so as to 
constitute pump stages in which a centrifugal compres 
sor stage is constituted on the side of the suction open 
ing and a circumferential flow pump stage is constituted 
on the side of the exhaust opening, with the rotating 
member of the centrifugal compressor stage being com 
posed of an open-form impeller having a plurality of 
backward vanes. This pump is designed to work as a 
Siegbahn molecular pump in a steady state, and to work 
as a centrifugal compressor under a transient condition 
of the initial pump operation, thus obtaining a high 
pumping speed under the transient condition. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a longitudinal sectional drawing showing 

the general construction of a vacuum pump; 
FIG. 2 is a cross-sectional view of a detail of a centrif 

ugal compressor stage of FIG. 1; 
FIG. 3 is a detail view taken along a line A-A in 

FIG. 2; 
FIG. 4 is a detail view taken along a line B-B in 

FIG. 2 
FIG. 5 is a cross-sectional view showing a detail of a 

circumferential flow compressor stage; 
FIG. 6 is a detailed view taken along a line C-C in 

FIG. 5; and 
FIG. 7 is a detail view taken along a line D-D in 

FIG. 5. 

DETAILED DESCRIPTION 

Referring now to the drawings wherein like refer 
ence numerals are used throughout the various views to 
designate like parts and, more particularly, to FIG. 1, 
according to this figure, a vacuum pump includes a 
housing 1 having a suction opening 1A and an exhaust 
opening 1B, a rotating shaft 3 rotatably supported by 
bearings 2 in the housing 1, a centrifugal compressor 
stage 4 and a circumferential flow compressor stage 5 
placed one by one in the housing 1 from the suction 
opening 1A to the exhaust opening 1B. The rotating 
shaft 3 is driven by a motor 6 connected thereto. 
As shown in FIGS. 2 and 3, the centrifugal compres 

sor stage 4 is provided with open-form impellers each of 
which has a plurality of backward vanes 7 inwardly 
directed relative to the direction of rotation and is at 
tached to the rotating shaft 3. The centrifugal compres 
sor stage 4 is also provided with, as shown in FIGS. 2 
and 4, a fixed disc plate 4B attached to an inner wall of 
the housing 1 and has a plurality of vanes 8 which are 
inwardly directed relative to the direction of the rota 
tion and which are located on a side facing the reverse 
side of the impeller 4A, namely, the side on which the 
vanes 7 are not placed. The open-form impellers 4A and 
the fixed disc plate 4B are alternately disposed. 
As shown in FIGS. 5 and 6, the circumferential com 

pressor stage 5 is provided with impellers 5A respec 
tively attached to the rotating shaft 3 and has a plurality 
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of vanes 9 at the outer circumference thereof and is 
provided with, as shown in FIGS. 5 and 7, fixed disc 
plates 5B respectively attached to an inner wall of the 
housing 1 and having U-shaped grooves 10 formed on 
one side thereof facing the surface of the impellers 5A, 
namely, the side on which the vanes 9 are located, the 
impellers 5A and the fixed disc plates 5B being alter 
nately disposed. An air passage 11 is formed at the end 
portion of the groove 10 by boring a hole 10atherein, as 
shown in FIGS. 5 and 7. A lublicating oil tank 12 
supplies lublicating oil to the bearings 2 through an oil 
passage formed in the rotating shaft 3. 
Under a transient condition at the initial stage of the 

pump operation, the total inside pressure of the pump is 
substantially equal to the atmospheric pressure, and the 
condition of that gas flow is a viscous flow, so that the 
centrifugal compressor stage 4 works as a centrifugal 
compressor. That is, the centrifugal compressor stage 
impeller 4A functions as a compressor impeller, and the 
flow passage formed between impellers 4A and the 
vanes 8 of the fixed disc plate 4B functions as a return 
channel for leading the flow from the outside diameter 
side to the inside diameter side. As the impellers 4A 
effects the compressing work, the centrifugal compres 
sor stage 4 works as a compressor rather than a portion 
at which pressure loss occurs, thus discharging air at a 
high rate. 

In a steady state where the compression ratio of the 
circumferential flow compressor stage 5 becomes large 
and the pressure at the suction opening of the circum 
ferential flow stage becomes sufficiently lower, that is, 
in a steady state where this pressure is not more than 
about 6 Torr, the condition of that gas flow is a transient 
flow or a molecular flow at the suction opening 1A of 
the pump, so that the centrifugal compressor works as a 
Siegbahn molecular pump. That is, the impeller 4A, 
having the vanes 7, functions as a rotating disc plate 
with helical grooves and works as a Siegbahn molecular 
pump which effects compressing work in combination 
with the reverse side of the impeller 4A, namely, the 
side on which the vanes 7 are not located. 

In the steady state, the bulk flow rate is substantially 
zero, since a quantity of gas which flows into the cir 
cumferential flow compressor stage 5 has been suffi 
ciently compressed by the centrifugal compressor stage 
4. Then, the circumferential flow compressor stage 5 is 
operated substantially at zero capacity, and reaches the 
ultimate low pressure through a small number of mem 
bers thereof because of the characteristic of circumfer 
ential flow compressors enabling a high compression 
ratio to be obtained at zero capacity. 
The number of members and the rotational speed of 

the centrifugal compressor stage 4 and the circumferen 
tial flow compressor stage 5 are set such that, in a steady 
state of operation, the pressure at the boundary between 
both stages corresponds to the point of change between 
the viscous flow and the transient flow. Generally, a 
combination of the centrifugal compressor stage of one 
to three members and the circumferential flow con 
pressor stage of six to ten members assures the pressure 
of 10-3 to 10-4 Torr. 
According to the present invention, as described 

above, the centrifugal compressor stage works as a 
centrifugal compressor under a transient condition and 
works as a Siegbahn molecular pump in a steady state, 
thereby providing a double effect, so that, under condi 
tion that the pressure at the exhaust opening is main 
tained at atmospheric pressure, a clean vacuum can be 
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4. 
obtained at the suction opening. Moreover, under a 
transient condition at the initial stage of the pump oper 
ation, the pump can work at a high pumping speed. 
What is claimed is: 
1. A vacuum pump comprising: a housing including 

suction and exhaust openings, a rotating shaft rotatably 
supported in said housing, a plurality of fixed members 
attached to an inner wall of said housing, and a plurality 
of rotating members attached to said rotating shaft, said 
fixed members and said rotating members being dis 
posed alternately so as to form pump stages in which a 
centrifugal compressor stage is formed on a side of said 
suction opening and a circumferential flow pump stage 
is formed on a side of said exhaust opening, said rotating 
member of said centrifugal compressor stage including 
open-form impellers having a plurality of backward 
vanes, and wherein said fixed member of said centrifu 
gal compressor stage includes a fixed disc plate with a 
plurality of vanes disposed so as to face a reverse side of 
said impeller and inwardly directed relative to the di 
rection of rotation at an outside diametral portion of 
said fixed member. 

2. A vacuum pump comprising: a housing including 
suction and exhaust openings, a rotating shaft rotatably 
supported in said housing, a plurality of fixed member 
attached to an inner wall of said housing, and a plurality 
of rotating members attached to said rotating shaft, said 
fixed members and said rotating members being dis 
posed alternately so as to form pump stages in which a 
centrifugal compressor stage is formed on a side of said 
suction opening and a circumferential flow pump stage 
is formed on a side of said exhaust opening, said rotating 
member of said centrifugal compressor stage including 
open-form impellers having a plurality of backward 
vanes, and wherein a diameter of said circumferential 
flow compressor stage on a side of said exhaust opening 
is smaller than a diameter thereof on a side of said suc 
tion opening. 

3. A vacuum pump according to claim 2, comprising: 
a housing including suction and exhaust openings, a 
rotating shaft rotatably supported in said housing, a 
plurality of fixed member attached to an inner wall of 
said housing, and a plurality of rotating members at 
tached to said rotating /shaft, said fixed members and 
said rotating members being disposed alternately so as 
to form pump stages in which a centrifugal compressor 
stage is formed on a side of said suction opening and a 
circumferential flow pump stage is formed on a side of 
said exhaust opening, said rotating member of said cen 
trifugal compressor stage including open-form impel 
lers having a plurality of backward vanes, and wherein 
a diameter of said circumferential flow compressor 
stage on a side of said exhaust opening is smaller than a 
diameter thereof on a side of said suction opening. 

4. A vacuum pump comprising a housing including a 
suction and exhaust openings, a rotating shaft rotatably 
supported in said housing, a plurality of fixed members 
attached to an inner wall of said housing, and a plurality of 
rotating members attached to said rotating shaft, said fixed 
members and said rotating members being disposed alter 
nately so as to form pump stages in which a centrifugal 
compressor stage is formed on a side of said suction opening 
and a circumferential pump stage is formed in a side of 
said exhaust opening, said rotating member of said centrif. 
ugal compressor stage including impellers having a plural 
ity of backward vanes, and wherein said fixed member of 
said centrifugal compressor stage includes the fixed disc 
plate with a plurality of vanes disposed so as to face the 



A. Re. 33,129 
5 

reverse side of said impeller and inwardly directed relative 
to the direction of rotation of an outside diametral portion 
of said fixed member. 

5. A vacuum pump comprising a housing including a 
suction and exhaust openings, a rotating shaft rotatably 5 
supported in said housing, a plurality of fixed members 
attached to an inner wall of said housing, and a plurality of 
rotating members attached to said rotating shaft, said fixed 
members and said rotating members being disposed alter 
nately so as to form pump stages in which a centrifugal 10 
compressor stage is formed on a side of said suction opening 
and a circumferential flow pump stage is formed in a side 
of said exhaust opening, said rotating member of said 
centrifugal compressor stage including impellers having a 
plurality of backward vanes, and wherein a diameter of 15 
said circumferential flow compressor stage on a side of said 
exhaust opening is smaller than a diameter thereof on a 
side of said suction opening. 

6. A vacuum pump according to claim 5, comprising a 
housing including suction and exhaust openings, a rotating 20 
shaft rotatably supported in said housing, a plurality of 
fixed members attached to an inner wall of said housing, 
and a plurality of rotating members attached to said rotat 
ing shaft, said fixed members and said rotating members 
being disposed alternately so as to form pump stages in 25 
which a centrifugal compressor stage is formed on a side of 
said suction opening and a circumferential flow pump 
stage is formed on a side of said exhaust opening, said 
rotating member of said centrifugal compressor stage in 
cluding impellers having a plurality of backward vanes, 30 
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6 
and wherein a diameter of said circumferential flow com 
pressor stage on a side of said exhaust opening is smaller 
than a diameter thereof on a side of said suction opening. 

7. A vacuum pump having a housing including a suction 
opening and an exhaust opening and a pump stage dis 
posed in said housing, said pump stage comprising 

a centrifugal compressor stage means disposed on a side 
of the suction opening in said housing for obtaining a 
high compression ratio in a molecular flow and an 
intermediate flow region and then generating a con 
pressive operation in a viscous flow region, a circum 
ferential flow punp stage means disposed on a side of 
said exhaust opening in said housing for obtaining a 
high compression ratio in the viscous flow region, and 
a rotating shaft means disposed between said centrifu 
gal compressor stage means and circumferential flow 
pump stage means. 

8. A vacuum pump according to claim 7, wherein the 
centrifugal compressor stage means includes impeller 
means attached to the rotating shaft means, a fixed disc 
plate means attached to an inner wall of the housing and 
including a plurality of vanes inwardly directed relative to 
said direction of rotation and disposed on a reverse side of 
said inpeller means. 

9. A vacuum pump according to claim 8, wherein said 
impeller means and said fixed disc plate means are alter 
nately arranged. 

10. A vacuum pump according to claim 9 wherein said 
inpeller means includes a plurality of backward vanes. 

at 


