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Design of a New Dispensing System Featuring Piezoelectric Actuator
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ABSTRACT

This paper presents a novel type of hybrid dispensing head for IC fabrication and surface mount technology. The proposed
mechanism consists of solenoid valve and piezoelectric stack as actuators, and provides positive-displacement and jet
dispensing. The positive-displacement dispensing can produce desired adhesive amount without viscosity effect, while the jet
dispensing can produce high precision adhesive amount. In order to determine the relationship between required voltage of the
piezo actuator and needle displacement, both static and dynamic analysis are undertaken, In addition, finite element analysis is
performed in order to find optimal design parameters. Dispensing flow rate and pressure in the chamber are evaluated through

fluid dynamic model.
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Fig. 3 Initial geometry of head

Table 1 Inmal parameter values

Ty,=10mm R=30mm T=4mm

R,=10mm tom=0.5mm d;=2mm

L,=40mm R~=5mm R,=2mm

Ryis=40mm Hp=4mm L,=10mm

dy=5mm R~ Ry, =7mm Tpo=7mm

d;=1mm t=8mm Ry=Rpistdg+dy
Rch=Rpis+dp
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Piezoelectric Stack:
LP TP ( 1) ZSUP

Zp=d33-Vl,—-
P

Top Support Structure Compliance :
Zgp = g.vu.v,r T, 2

Piston diaphragm Compliance:

ZI’M,Rpis = ‘/;me,F Fppy —€ Zpm,P “Prac 3
AV = grdem,F Foy “depm,P P T Ap 'ZPM,Rpis 4)
Fopg = Ap - Tp = Apyg - Pyye &)
Drive Piston Compliance :

4 Pis,Rp = fz,m,r Ty - §Zpis,P “Prac (6)
AV = depfs,T T - depis,p “Puac Q)

Chamber Fluid Compressibility: Py =P adnesive
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Flange Structure Compliance:

ZFL,R/ =S F Fors ¥z Pyac =P, tcthesive) €))

iy pr =Savrnr  Form + Savrr  Priac = Padhesive) (10)
+ 2y Acm

Fere = Aons * Priac = Paanesive) an

Cap-needle Membrane Compliance:

Zo= ZCM,Rc (12)
= é:ZCM,F o+ §ZCM,P (Pugc =)+ ZFL,Rf

dVCM = 'decM,F 'FC +‘fZCM,P '(PHAC - Pz)+ Ac 'ZC (13)

Fo=A.-(Pyc—P) (14)

Conservation rules:

Zp+ 2oy = Zppg pois T Lpisp (15)
AV +dVp +dV . =dVy +dVy, (16) i
(2) (b)
A, = 7R, : piston Area, A, =R} : piezo stack area Fig. 5 Result of finite element analysis.

Ve = 1R, Hoy + R} 4,): fluid chamber volume (a) FE modeling; (b) deflection in Y direction

K, =48¢9(N/m?) : fluid compressibility (Bulk ratio)

S
Ay, = 7RG, » area of needle cap and membrane

Table 2 Compliance values
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Table 3 Optlmlzed parameters

Parameters | | D
d, 0.48 mm Lyis 10 mm
Hew 3.9 mm Rypis 35.8 mm
tr 6.13 mm d, 1.66 mm
Lom | 03mm Lom | 03mm |
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Table 4 Head parameters

50 Pé..s »

Ty 200 Pa n
d; 0.5 mm Loviice 4 mm
Rorifice 0.25 mm Lo 5 mm
L 60 mm R 2 mm
Roump 15 mm Hypmp 100 mm
Riis-ch 40 Hio.cn 10 mm
B 1€9 Pa
Qdi:p = Aarfce ’ ZC (23 )
8 L .
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