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In this study, we propose a mechanism to cool a wafer in semiconductor fabrication equipment by using ionic 
liquid without mechanical contact on wafer back side. The proposed mechanism supplies ionic liquid to the 
backside of the wafer and float it in a high vacuum environment. The ionic liquid is circulated by a pump with 
a rotational spiral groove. The circulation of the ionic liquid is expected to remove heat and electric charge from 
the wafer due to etching process. In this study, we calculated the wafer floating clearance and experimentally 
investigated the vacuum performance under the non-liquid condition of the mechanism. 
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1. Introduction 

In the semiconductor manufacturing field, many 
processes, such as exposure and etching are conducted in 
a high vacuum chamber. For this reason, transport 
equipment and positioning mechanisms are needed 
vacuum compatibility in addition to a high-precision 
motion.  Therefore, a vacuum-compatible fluid film 
bearing has been studied because of it can meet above 
requirements. In our previous research, a high-vacuum 
compatible hydrostatic bearing using ionic liquid as a 
lubricant was developed [1]. The research shows that the 
ionic liquid can be installed as a lubricant in high vacuum 
under the circulated condition by a pump. This time, we 
propose a bearing mechanism that can support a 
semiconductor wafer with non-mechanical contact, while 
enabling heat dissipation and static electricity removal in 
a high vacuum environment. In the proposed mechanism, 
ionic liquid is circulated in a high vacuum environment 
and supplied from the backside of the wafer to control 
wafer temperature and remove static electricity without 
mechanical contact on the backside of the wafer. In this 
paper, at first, we calculate the floating clearance and 
measure a vacuuming performance of the prototype. 

2. Design and discussion 

The wafer floating pad with 4-inch wafer was shown in 
Fig. 1(a). The ionic liquid fluid film bearing was set 
under the wafer and ionic liquid was supplied from back 
side of wafer through a capillary. The ionic liquid was 
circulated by a pump shown in Fig. 1(b). The pump 
exhaust ionic liquid by the rotational spiral grooves. Ionic 
liquid exposed under the high vacuum through the vent 
duct that opened in the bearing structure. 

 
Figure 1: Photos of the (a)wafer floating pad and 
(b)pump that use an ionic liquid as a lubricant. 

2.1. Calculation 

The clearance between wafer and floating pad was 
calculated same as the hydrostatic bearing theory. The 
design parameter of floating pad and the physical 
properties of chosen ionic liquid ([DEME][TFSI]) were 
listed in Table. 1. Fig. 2 shows the floating clearance 
against supplied pressure. As shown in Fig. 2, the needed 
pressure is low compared to the generally hydrostatic 
bearing. In this case, we need to float with the clearance 
of 20 m, the supply pressure is set to be 0.0602 kPa. 

 

Table 1. Design and liquid parameters 

 
 

 
Figure 2: Calculated floating clearance against pressure 

 

2.2. Vacuuming process 

At first, limited vacuum pressure was tested under non-
liquid condition. The pressure was leached 5.2×10-5 Pa 
after starting turbo molecular pump, for 20 h. The thin 
capillary and spiral grooves in the pump, gives no 
adverse effect on vacuuming performance. Vacuuming, 
outgassing, and temperature controlling performance 
will be investigated with ionic liquid circulated condition. 
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Wafer floating pad

Pump

Pad diameter [mm] 70

Capilaly diameter [mm] 0.5

Capilaly length [mm] 4

Liquid viscosity [cP] 120

Liquid density 1.42

Wafer diameter [mm](inch) 10.2    (4)

Wafer weight [g] 9.54
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