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Design and Control of Jetting Dispenser Driven by Piezoelectric Actuator
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ABSTRACT

This paper presents a new type of jetting dispenser for the integrated circuit (IC) fabrication and surface mount technology.
The proposed system is featured by the piezoelectric actuator and hydraulic magnification device. After describing structural
component of the dispensing mechanism and its operation principle, both the fluid modeling and the hydraulic magnification
modeling are undertaken with a lumped-parameter method based on the analogy of the fluid system and mechanical system. A
mathematical governing equation is then derived by integrating the fluid model with the mechanical model of the driving piston
and piezoelectric actuator. Subsequently, in order to achieve a desired dispensing amount, control algorithm adjusting duty
cycle of the driving voltage is synthesized and control responses are presented in time domain.

1M B

A WA 3 Ale]=8] A3 E (A A
2~ ®ll(dispensing system)°l] Th3t FHo] FolA 1 S}
ok g2 AAEE BEA Az 34 YW SMT
2] ol A4

(surface mount technology) in-line

¥ =X 33 A6 A4 75E % i
WY ALY Fe3 75E et 2x AFE
AL i—rﬂ B33t7] Y8t} PCB e 3
T REEA 23pAF] o ZFA] @l Z(epoxy resin)
< dY3A A =X FAgoeEa H 4 4z
9] olgg WXAsln YRAHCTRE] BFE
ZRoz AEY FHE FAste Aot o
#He Ay A" b AdE §AE AY
Ao g EZdbe didAMoltt. fizlxe] gt
AE Qe AFEs 94 2 & 2ok 7hest
A g o gaside #s AFE AA

rotary-screw, positive-displacement, jetting T 2~ A off
#g A HAR EFEh. rotary-screw C]/\ﬁﬂfﬂl‘*
BHZ TFFHE AAFE o845l §48 &
stk o] tAdAME AIFY FHHo= %cﬂv’
HEZ Bt o] wf YEHolr 9z g
gol wAstA Hil, ol £do EFe]

ol ] A €T} positive-displacement T 2~ A t
=9 ol Fol wet AA ] A BASGIl

e > o 12 ﬂllo

Hﬂ—'logé

T oAAA 49, Astoietm 7 AT
E-mail : seungbok@inha.ac.kr
Tel : (032) 868-7319, Fax : (032) 868-1716

+ Qetoietam st 7 A Eern

Fol ZAH7] wWEo] Agdel wvh 1Y E

ol FetdE A AAH A5 T
S wro} AlzAdo] wtelzlrt jetting AN = &
A A (plunger)E 01%5}01 UE @29 Hagd9
EUAEE 3 Ut ESHE Aoy A&Ho
2 593 A48 EE § ZTE(dotting)3}. o] ¢
2N E T 7 *0—0}7] “H—r"ﬂ )M AF E
Zo] 7hesld. g E &23e] e WAl HlE =
I #EE FYste Az 3"} APZE A2 Fgol
et B2 A5 §E £ e A 31F1E S
ol A9 Er/ted Aojnt. @Al dadAE 3 b
71 A (chip package)?} A8, 1WA, HFs, 9t
Balo] s 2AY ESS Q7 st Ut ot

A 249, 145, 1% EEY 22 YPAol &
TEE AZE g2AA dzi el st

2 A7 E ASE LA F 7 (piezostack)E

ol g% ZulA HF o] sted AY d2dM

T, ANggAA @ gqe] 558 F

Aeop A FA4S meld AFaARFE o]

g3tol maY sk w8 4 AE/) A%t
SE gAde A Bg 23goes 98
= 2Ee Aoisc

Fig. 1 & & A7olA Atgt AQ tfAdlAe]
T4 5ot} ‘?.}Xd L%714 WA E s A



SRASTE TS| 20064 ZAHEUS =2

TaE go|lZE T o]Fox oL = FH¢
43 2d9o) stk SHA9) Ul AE)
T 94 Bl galo] EEHE wZo]
AEo} ol e e al A3 13
Aol G2 BEE B A EeR £ A o
’ 0]"1‘78 LTrle] v By 03}\] HeE sAog

A A 5 =
ﬂ]éiloi ol 287t FEstt olx &2 7z
of ZojHels iy §49 —,72} &l o&
A UiFe] B8 golstA 7] Aot &
g Yadyd 89 HEE w37 A4 Aaole
SEzd A7 FHH Qe gAY AF
de8= o 2o IULE FEHE §909
Hol2E F3 a-¢Aol FUHA FAHF7]
A A7tk ddAE7IE AZAA AR

3.

)

Table 1 Design parameter values(unit: mm)

d,=30 | 1=7 | d=8 | L=1 | d,=5

1,=27 | d,=3 | I,=32 | I,=3

su

1,=15

L.

Piezostack

Pipe

Housing ~

~N Nozzle
Fig. 1 Configuration of the jetting dispenser
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Fig. 2 Schematic diagram of the jetting dispenser
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Table 2 Fluid element definition

Inertance/ 42
Mass L m=A"L, YR
Compliance/ 1/c C=dl/B
Stiffness k=A"/C | C=
Resistance/ ) 128
- R= /
Damping R b= AR rd*

T

Pipe Section
Fig. 3 Lumped model of fluid pipeline
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Table 3 Dispensing fluid section parameters

L, - mm | 04mm | L, 4mm | 7mm
Ly 6mm | 28mm | L, 6mm | lmm
L/5 4mm | 90 mm Lf6 20 mm | 30 mm
Ly |04mm|05mm | Ly [02mm | 2mm

Piezostack

_ Piston

A O-ring

Shaft

Fig. 5 Dispensing liquid modeling
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Table 4 Piezoelectric actuator properties

Operating 0to 100V | Time constant (7) | 1 msec
voltage
Coefficient (&) 9N/V Max. stroke 90 ym
Length 122 mm Stiffness (k,) | 10 N/um

T Psyringe
Fig. 6 Free body diagram of the jetting dispenser
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Fig. 8 Dynamic motions of jetting dispenser
(a) applied voltage; (b) piezostack displacement;
(c) shaft displacement; (d) dispensing amount
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Fig. 9 Control results of jetting dispenser
(a) applied voltage; (b) piezostack displacement;
(c) shaft displacement; (d) dispensing amount
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