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Design of the Air Pressure Pick-up Head for Non-Contact Wafer Gripper

Joon Hyun Kim*

Abstract

The recent manufacturing process in the thin wafers and flat panel necessitate new approaches to reduce handling fragile
and surface-sensitive damage of components. This paper presents a new pneumatic levitation for non-contact handling of
parts and substrates. This levitation can achieve non-contact handling by blowing air into an air pressure pick-up head
with radial passages to generate a negative pressure region. Negative pressure is caused by the radial air flow by nozzle
throat and through holes connecting to the bottom region. The numerical analysis deals with the levitational motion with
different design factors. The dynamic motion is examined in terms of force balance(dynamic equilibrium) occurring to the
flow field between two objects. The stable equilibrium position and the safe separation distance are determined by analyzing
the local pressure distribution in the fluid motion. They make considerable design factors consisting the air pressure pick-up
head. As a result, in case that the safe separation distance is beyond 0.7mm, the proposed pick-up head can levitate stably

at the equilibrium position. Furthermore, it can provide little effect of torque, and obtain more wide picking region according

to the head size.

Air levitation(37] -
]2]), Wafer gripper(%llo]3 12]3)
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Fig. 1 Mechanism of the air pressure pick-up head to build a
typical cyclone(swid) flow
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Fig. 2 Conceptual design of the air pressure pick-up head to
build under-pressure by radial flow
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Fig. 3 Sectional view of the air pressure pick-up head
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Table 1 Design parameters of the air pressure pick-up head

(ref. Fig. 3)
symbol unit value
Di mm 55
Do mm 100
H mm 19.5
hl mm 0.7
h2 mm 12
rl mm 41.72
r2 mm 50
p bar 3
Number of through 12-16 holes with an 1mm
holes diameter
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Fig. 7 Vector field of fluid velocity discharged from the through
hole(standard model)
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Fig. 10 Illustration of the analyzed divergent nozzle

Table 2 Design parameters for the divergent nozzle throat(ref.

Fig. 10)
Angle(8) | Radius of arc(R)| Length of nozzle(L)
standard 10 20mm 19.65mm
case A 12 20mm 18.35mm
case B 15 25mm 14.13mm
case C 17 25mm 12.88mm
case D 20 25mm 11.14mm
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