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We analyzed the destruction patterns of a turbo-molecular pump (TMP) resulting from 

its sudden exposure of a foreline to the atmospheric pressure due to a destruction of the 

foreline connecting clamp of an ICP dry etcher for 300 mm wafers during high-vacuum 

operation (5×10−6 Torr). Unlike in the case of view port’s breakage, the TMP’s rotor module 

was crashed inside the chamber. The primary damage resulted from the collision of the blades 

and stators, and the secondary damage resulted from the breaking of the rotor - driving shaft 

assembly. The fixing screws of the rotor and axial shaft were bent and broken when the 

TMP controller output the maximum current even after the crash event. Electrical power 

consumption analysis of the TMP power controller confirmed it. The stress distributions were 

analyzed by a finite element method using CFD-ACE+ multi physics software. Rotating inertia 

of each parts and kinetic energies were calculated as well. 68% of the rotational kinetic energy 

is deposited by the rotor - shaft module.
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I. Introduction

Turbo-molecular pumps (TMP) often incur damage 

because of damage to external gas inlets such as 

clamp and view port, which often occur in industries 

or university laboratories where vacuum is applied. 

Such damage to TMPs is dangerous and can lead to 

casualties and secondary damage due to the leakage 

of poisonous gases used in Processing semiconductors. 

In most cases, the TMP is attached very close to the 

chamber, and this is the most likely cause of 

contamination of the internal chamber and damage 

during TMP breakage (Fig. 1). When the blades are 

damaged by leakage or the presence of debris during 

TMP operation, its rotation must be stopped 

immediately. However, this can lead to bigger 

accidents because of the large impact on the system 

in the rotation direction.

In Kang’s study [1], “Sensitivity evaluation and 

optimal design was carried out to observe the 

displacement and stress responses with regard to 

changes in factors such as the length and angle of the 

blade and the rotation speed and round size of the 

part where the blade starts to be selected from factors 
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Figure 1. Breaking of a TMP during air rush-in into the
foreline of the TMP.

Table 1. Initial values for design parameters [7].

Stage

A1 A2 R Ω

Angle 

(o)

Angle 

(o)

Round 

(mm)

Rotational 

Speed (RPM)

1 30 65 7.7

27,000

2 32 60 7.2

3 45 40 7.1

4 40 35 7

5 30 30 6.3

6 25 25 7

7 25 25 7

8 20 20 7.4

9 20 20 7.4

that affect the exhaust performance and structural 

safety of the Turbo-molecular pump [2,3].” However, 

this study did not sufficiently reflect the rushing in of 

air that occurs in an actual manufacturing process. In 

this study, the cause of damage to the TMP was of 

sudden exposure of the chamber’s foreline to 

atmospheric pressure during high vacuum (5×10-6 

Torr) area idling was analyzed, and a method to safely 

stop the TMP was proposed.

II. Experimental

This study analyzed the damage patterns of a TMP 

rotor exposed to atmospheric pressure through a TMP 

outlet (NW 40). This situation is a result of damage 

to the clamp connected between the angle valve and 

TMP outlet installed in the foreline of an ICP dry 

etcher for a 300-mm wafer. In the product used in 

the actual experiment, the pumping speed and 

ultimate pressure of N2 were 3000 ℓ/s and 1×10-8 

Torr, respectively. When a magnetic bearing device 

that can reduce vibrations and a TMP equipped with 

this magnetic bearing device are used, the 

deterioration of the controllability of the rotor shaft 

that occurs in association with the deviation in the 

axial position of the rotor shaft can be prevented, 

and the position of the rotor shaft under optimal 

magnetic force in a particular mounting position can 

be controlled [4].

When the TMP was rotating at a high speed of 

27,000 rpm, the pressure inside the chamber was 

5×10-6 Torr, and the exterior of the chamber was at 

atmospheric pressure. the weight of the rotor and, 

size of the round part from where the blade extends, 

and the angle of the inner blade were measured (Table 

1) so that an identical TMP model could be created 

(Fig. 2) to measure the stress on the TMP rotor [5,6]. 

By means of this model, the kinetic energy of the 

rotor, shaft, and blade can be determined using a CFD 

ACE+ multi physics software. The starting point of 

rotor body damage was verified by collecting and 

restoring the damaged TMP pieces, and the air inlet 

time inside the system was measured using the total 

volume of the system and the conductance of the TMP 

outlet; the change patterns of the TMP motor drive 

current were measured by measuring the 220 V AC 

current of the TMP controller power supply, using a 

display power meter.

III. Result

The source of the damage to the rotor confirmed by 

restoring the TMP could be validated from the 
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      (a) Definition of blades (b) The Rotor of a TMP

Figure 2. The parametric model of a TMP.

(a) A vented bolt fixing the rotor 
and shaft

(b) Deformation of a vented 
bolt

(c) Simulation result of stress received by 
the vented bolt

Figure 3. Deformation of a vented bolt because of shaft torque.

damage forms of the vented bolts that fix the shaft. 

Observation of the damage forms of the vented bolts 

showed a decrease in the rotation speed of the rotor, 

but an increase in the rotation speed of the shaft. 

The simulation results confirmed the stress 

concentration in the vented bolts that fix the rotor 

and the shaft (Fig. 3).

At this time, the occurrence of cracks on the 

contact surface of the bolt and rotor caused by the 

vented bolts, deformed without breakage, and 

eventually the breakage of the whole rotor due to the 

cracks were confirmed (Fig. 4). The strength, volume, 

mass, inertial moment, and rotational energy were 

calculated using a rotor and shaft, modeled by using 

CFD ACE+ multi physics software. These can be 

represented in ratio as rotor 68.2%, shaft 28.8%, and 

blades 2.9% (Table 2). This means that the rotor has 

68.2% of the energy when the TMP is rotating, and 
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Table 2. The kinetic energy of the rotor, shaft, and blade.

Name Material
Strength 

(MPa)

Volume 

(cm3)

Mass 

(kg)

Inertial moment 

(kg*m2)

Rotational energy 

(

∙∙) (KJ)

Ratio 

(%)

Rotor Al 6061 123.6 3,853 10.4  0.8467E-01 338 68.2%

Shaft SUS 201.6 851.6  6.64  0.3598E-02 143.1 28.8%

Blades Al 6061 123.6 849.9 2.3 0.358E-03  14.4  2.9%

(a) The 220 V AC current changes 
according to the rated speed 
when the TMP is on

(b) The 220 V AC current changes 
according to the rated speed 
when the TMP is off

(c) Current changes accompanying 
gas flow in the foreline

Figure 5. The 220 V AC current provided by the TMP controller power supply.

Figure 4. The rotor damaged by the deformation of the
vented bolt.

implies that the rotor incurs the most damage during 

TMP damage. The 220 V AC current of the TMP 

controller power supply measured using a display 

power meter is not an actual motor driving current; 

however, changes in the motor current could be 

inferred (Fig. 5). When only the actual controller was 

on, the 220 V AC current was 0.42 A. However, when 

TMP operation commenced, the current increased by 

1.38 A and continued to increase linearly until TMP 

was normal. However, the current first decreased to 

0.42 A immediately after normalcy and then increased 

and remained constant at 1.87 A (Fig. 5(a)). 

Conversely, when the TMP was turned off, the 1.87 A 

220 V AC current decreased to 0.15 A; after the 

maximum increase of 1.34 A in the current from 3,500 

rpm, the current decreased and remained constant at 

0.42 A from 1,000 rpm (Fig. 5(b)). The changes in the 

current were measured according to the gas inlet of 

the TMP foreline, as done in an actual incident case 

(Fig. 5(a)). When the gas was introduced for 5 s 

between 30∼35 s, the current rapidly increased from 

1.38 A to 6.16 A immediately after the influx of the 

gas; at this time, when the TMP rated speed decreased 

to 25,500 rpm, a continuous flow of the maximum 

current of power supply was confirmed till the TMP 

rated speed reached a normal rpm of 27,000 rpm. The 

electric motor power calculation using the data 

measured by the display power meter and the kinetic 

energy data of the rotor, shaft, and blades indicated 
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Table 3. Electric motor power calculation.

Name Power
80% output 

(kW)

Torque (N*m) at 

27,000 RPM

Radius to 

bolt (mm)

Force 

(N)

8 bolt contact 

area (mm2)
Pressure

SCU-1600 1,500 W   1.2 0.42 23.9   17.6 1960 8.8 KPa

Brake time 

2.45 sec

Average 

power

Rotational energy 495.5 kJ 202.2 71.5 23.9 2991.6 1960 1.5 Mpa

that the stress on the normally working vented bolt 

was 8.8 KPa, and that the stress on the vented bolt 

during the air rush-in in the foreline was 170 times 

(1.5 MPa) the normal operation stress, thus 

confirming the bolt damage (Table 3).

IV. Discussion

This study analyzed TMP destruction patterns 

accompanying sudden exposure to atmospheric 

pressure owing to the destruction of the foreline 

clamp, and investigated a method to safely stop the 

TMP during such incidents. TMP breakage during the 

air rush-in in the foreline primarily damages the 

blades, adversely affecting the rotation speed of the 

rotor and shaft and causing the deformation of the 

vented bolt that fixes the rotor and the shaft. 

However, the undamaged bolts cause cracks in the 

rotor, and the rotor gets completely damaged by the 

continuous rotation energy. The 220 V AC current of 

the power supply was measured in such a situation 

using a SCU-1600 TMP controller. It was confirmed 

that the shaft accelerates when the motor’s drive 

amperage is increased because of TMP damage. 

Therefore, a method to quickly block the influx of air 

or to prevent increase in the drive amperage of the 

motor is necessary to minimize the damage to the 

TMP.

Complete damage of the TMP was confirmed when a 

vacuum system placed in a high vacuum area was 

exposed to atmospheric pressure. With regard to the 

primary damage, Won’s [8] study reported the 

following: “the location in the rotor where the 

maximum stress is greater than the yield stress is the 

round part where the last stage blade starts. The 

overall stress level occurring in the rotor must be 

decreased after identifying the tendency of stress 

according to changes in design parameters because 

the maximum stress exceeds the yield stress in the 

last stage blade and as well as in various other stages. 

The maximum stress is greatly affected by the round 

size and is partially affected by the blade angle 

[9,10].” Thus, the damage caused by the stress 

concentration to the round part from where the actual 

blade extends was confirmed by restoring the actual 

damaged rotor. However, the complete destruction of 

the rotor was due to the speed difference between the 

shaft and rotor. The sudden influx of gas at 

atmospheric pressure raises the magnetic-floating 

rotor higher, causing collision with the blade and 

stator. The collisions change the instantaneous speed 

of the rotor, and the sudden resistance increases the 

motor current, thus leading to further increase in the 

speed of the shaft. The speed difference between the 

shaft and rotor leads to the complete destruction of 

the rotor when the vented bolt that fixes the shaft 

and rotor is damaged. However, the type of damage 

incurred by the rotor can vary according to the 

damage to the vented bolt. Currently, the safety 

device of the mass production system that uses the 

TMP is designed to block the foreline by connecting 

the foreline valve and gauge installed in the foreline 

when the pressures exceeds the predetermined 
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pressure. However, when the clamp between the TMP 

outlet and foreline valve is damaged as in this 

experiment, the abovementioned safety device is 

useless. Therefore, the damage to the TMP can be 

minimized by mounting the safety device at the TMP 

outlet itself.

V. Conclusion

This study analyzed TMP destruction patterns 

according to the sudden exposure of the dry etcher 

for 300-mm wafer to atmospheric pressure owing to 

a damaged foreline clamp. The analyses indicated 

that the rotor suffers complete destruction because of 

the damage to the fixing screws of the rotor and 

shaft; blades rapidly wear off because of the damage 

caused by the rotational energy, and the rotor suffers 

further damage when the current increases from the 

normal current to the maximum drive current in 

association with the increase in the energy of the 

motor. This in turn leads to an increase in drive 

current greater than the rotation energy. To 

overcome these problems, safer structures, materials, 

and operation conditions that can minimize TMP 

damage when it is suddenly exposed to atmospheric 

pressure are necessary.
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