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dispensing unit having a housing with a chamber, a piston disposed in the chamber and
axially movable within the chamber, and a nozzle coupled to the housing. The nozzle has
an orifice co-axial with the chamber of the housing. The dispenser further includes an ac-
tuator coupled to the dispensing unit and configured to drive the up-and down movement
of the piston, and a compliant assembly coupled to the actuator and the piston. The com-
pliant assembly is configured to permit limited relative travel between the actuator and
the piston. A method of dispensing is further disclosed.
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METHOD AND APPARATUS FOR DISPENSING
A VISCOLUS MATERIAL ON A SUBKTRATE

BACKOGROUNKDQF THE DISCLOSURE
i Field of the Invention

The spvention relates genevally to roethods and appavates for dispensing w viseous

pes

material on a sabstrate, such as 8 printed civeudt board,

2. Phscussion of Relaed A

There are several types of prior art dispensing systems or dispensers used for
gispensing roetered soounts of figaid or paste Bor & variety of applications, One such
apphication is the assembly of integrated cwounit chips and other electronic components onto
civeudt board sobhstrates. Ty this application, sutomated dispensing systems are used for
dispensing dots of Hguid epoxy or solidey paste, or seane other reluted material, onto clrount
boards, Awtomated dispensing systons are also ased for dispensing Hoes of wnderfill
matertals ared envepsolents, which wechanteally sevure components to the cirowt hoard,
Ungdee il materials and sneapsuionts are used o improve the piechudcal and environmental
characioristios of the assembly,

Another application is o dispense very srall amoanty or dots onteer circast board, In
one systent capable of dispensing dots of material, a dispenser unit uitlizes a rotating auger
having o helival groove 1o forve waterial out of 8 miwede and ondo a oireult bowd, Qne such
systorn iy disclosed w ULS. Patent N 5. 819,883, entitded LD DISPENSING SYSTEM
WITH SEALING AUGERING SCREW AND METHOD FOR DISPENSING, wiuch iy
swied by Speediing Technotogios, Inc, of Franklin, Massachusetts, a subsidiary of the
assignee of the present diselosare,

In an oporation employing an auger-type disponser, the dispensey anit s nwerad
towards the surface of the circuit board prioe fo disponsing a dot or i Hoe of matertd wevo the
cireeit board and raised after dispensng the dot or hine of material, Using this tvpe of
sspenser, small, precise guantities of material rory be placed with great secwracy. The tme
required to lnver and raise the disperser mst in a direction normal 0 the ivcuit board,
typiually Kaown as @ z-axis movement, can contribuge 1o the time required 1o parform
dispensing operations. Speoifically, with suger-type dispensers, prior to dispensing the dot or

Hite of matenial, the dspenser wit is Towerad so that the musterial touches or “wei”™ the chouit
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board, The process of wetling contribates 1o additipnal time to perforn the dispensing
speration.

i 13 also knowr in the field of sutoroated dispensers o lauveh dots of viscous saterial
toward the circnit board. In such g vvstom, a minute, disorsie quantity of viscons majerial ix
giected from a noxzle with sufficient inertia (o epabde the material to separate from the powzly
prioT 10 contacting the chrouit board. As discussed sbove, with the avger-type application or
other privg, tradittonal disponsing systoms, 1 s necessary to wet the cirowit board with the dat
of material to soabls the material & adhere to the circnit boand such that when the dispenser
15 pulled wway the dot of material will relesse fron the nowzle. Whengjecting, the dots may
be deposited on the sulstrate without wetting as & pattern of discrete dots, e alternatively the
dots may be placed suffivicnly close 1o zach other to cause there to coalesor o more or fess
& continnons pattern. Ap example ol snch a system 18 disclosed 1o ULS, Patent No. 7 980,197,
entithed METHOQD AND APPARATUS FOR DISPENSING A VISCOUS MATERIAL ON

A SUBSTRATE, which i owned by Hlinoss Tool Works Ine. of Glenview, HHinols, the

asaignee of the proseot disclosrg,

SUMMARY QF THE DISCLOSURE

One aapeet of the dike

csve s divected o @ dispenser confipured o dispense migterial
on 8 subaivate. Inope eyobodivoeny, the dispenser coanprises & dixpersing wt inchading @
housing having a chamber, 3 piston disposed in the chamber and axially mowade withiv ihe
chamber, awd & novale coupled 1 the bousing. The nozzle his an orifice co-axiat with the
chamber of the housing, The dispeussy further comyprizes an actuator coupled 1o the
divpensing unit and configured o drive the ap-and down movement of the piston, and 8
comnpliant assembiy coupled o the actuatoey aid the piston. The compliant assembly ix
configored 1o permit Booted relative travel between the achaator and the piston.
Embodiments of the dispenser fother may inchude a sevsor 10 sease a position of the
actuator. The dispenser farther mray include a sensor o sense a position of the piston, The
dispenser further wmay inclade a controller for controlling the actuator, The controlier mare be
configured to perform g Teed-forwand aduptive voutine, The controfler fuvther may be
configured to utilize sensor duta front the sensor and the feed-forward adaptive routine to
control motion of the actuatr 0 achieve a desired actuutor motion prafite. The compliant
aaserbly further may be configurad fo blas a length of the comphiant assembly 10 an
pxfomded posithing. The compling assembly may include a housing coupled to the actustor

and g plunger disposed within the housing at a fower end of the housing, with the plunger
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Bodng biased o an extended posttve,. The compliant assembly further may iohade o spring
disposed hutwern the bousing and the plunger, with the spany being configured 1o bias the
planger 1o the extended position, The planger of the comphiant assembly may be configwred

0 apply a downward bias on the piston, and, during § downward st

ke of the piston, the
plunger engages the piston and the gpring Iy compressed within the housing, In ome
crobodiment, the sctuator may be g plezeelecirio aciuator assaembly. In another cnbodinent,
the actuator pay be a veice cotl motor, Tnvone smbodiment, the piston stops whes a tip of the
pHStoR engages a sem, and the complianl sssembly permits farther travad of the sctuator
subsequent o the sagagement of the piston agsiast the seat. In another onbodiment, the
piston stops when a featore of the piston engages a stop, and the complimt assembly permits
forther traved of the actiatie sabsequarnt to the engagenwent of the piston agatnsd the stop. The

compliant assenbdy may have g stiffness of complisnes, with the compliant assemidy betug

vonfizgared to vary a stiffness of compliance us a function of relative motion between the
gotaator and the piston.

Apother aspect of the disclosure s divected 10 8 method of operating a dispenser fo
dispense materiad on a substrate. it one embodimment, the dispenser comprises a dispensing
unit incloding @ housing having a chamber, a piston disposed i the chamber and agially
sovable within the chamber, and & nozede coupled o the housing, the nozele having an

i

orfios co-axsabwith the chamber of the bousing, angd an sctaator voupded 1 the dispensing
anit and contigured to deive the up-and down novement of the pistonn. The method
comprises permniting hmited relative travel between the sctisator and the piston.

Embodiments of the method further inclode biasing a length of the compliant

assentiy to an extunded position. The method further may include varying o stiffness of
cemnpliance a4 function of relative motion between the actustoraugd e piston, The msthod
forther may inclode sensing & position of the actuater andfor seasing o poaition of the piston,
The method further may frchude controliing the actuator by providing a feed-forward
adaptive routine to atifize sensor data from the sensor and the feed-forward adaptive routie

to contral motion of the actuator o achiteve a desired actuator motion profife.

BRIEF DE

RIPTION OF THE DRAWINGS

For a better understinding of the discloswre, reforence s made to the Hgurey which
are mcorporated heredn by refevonce and o which:

FiG 1 s o sehematio view aof o dispeuser of an embodintent of the disclosure:



WO 2014/158484 PCT/US2014/017228

FIG. 2 1 poerspective view of @ portion of & divpenser of an esrbodiment of the
diselosong;
FUGL 3 s a onossesectionad siew of o disporsing wnit ofthe dispenser of an

emibodiment of the disclosure;

5 FIG. 4 is an enlarged cross-sectional view of a m

G

> o the dispeonsing opit showa in

FIGL 3 b a cross-sectional vivw of a dispensing voit of the dispenser of another
smbodiment of the disclosaey
FIGL 6 s an enfarged oross-sectionad view of a noxzle of the dispensing unit shown in
H o FIGLS
FIG. 7 is & oy secticaal view of the dispensing wait shoswry in FIQL 3 having o
heated assembly mounted ou g housing of the dispeasing ol
FIG, BA is s orossectional view of a portion of an actuator asseniby configured to

operate the dispensing anit shown i FIGS, Yand &

£S FIG. BB s g orossesectiona] view of & portion of an actoator assembly configured 1o

operate the dispensing unl shown i FIGS. Swd &
FIG. ¥ 5 a perspeative view of ¢ plezoclectric actuator assembly operating the
dispensing wnt shoaen in FIG. 3
FHG, 10 is e cromsesectionad view with cross-hatohing removed o more clearly
2 flustrate the ;ﬁemﬂectz‘ic autuator asserably shown in FIG, &
FIGL T 1 another cross-sectionad view with cross-hatching removed to more clearly

iHlustrate the plezoclectrin actuator assembly shown n FIG, 9 and

FIG. 12 s a perspootive view of g vodoe ontl motor sctuator assembly.
23 DETAILED DESCRIPTION OF THE PREPERRED EMBODIMENTS
For the parposes of ithesration only, and not 1o tmit the genervabity, the disclosere will
mnw be desorvbed in detail with veference 1o the secompanying figeres, This disclisre 1 aot
Hyoited 1 its applivation 1o the details of construcuon sond the arvangament of components set
forth in the following desoription or Hlustrated o the drawings. The disclosare is capable of
3 other vinbodiments and of being practiced or being varded out in vartons ways, Also the
phoaseotogy and erminology wsed herein i for the purpose of deseription and should not be
regarded as Hioting The ase of "ncluding.” “comprising,” “having.” “contatning,”
“involving,” and variations thereol herein, is meant w encompass the Hems listed therealter

and squivabents thereot as well as additional nams,
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FIG., | schematically thhastrates o dispensey, penevally nudicated at 1), scoording ©
gae emnbodirent of the prosent disclosure. The dispeaser vy used 1o dispense a viscors
material {e.g., an adbestve, encapsulent, gpoxy, solder paste, wnderiill maderiad, o0y g
semi-viscous material {e.g., soldering fhux, ote. ) onty an clectronic substrate 12, such ava
printed oireuit board o semiconsductor waler, The dispenser Himay alternatively be used in
othier apphications, such s for applying autometive gasketing materiad o In certain medicdd
spphications. {1 should be anderstood that reforences 10 viscous or sont-visoomes maderials, as
waed hevemn, are exemplary and intended & be non-limiting, The disponser 18 includes frst
and second dispensing wnts or beads, gonerally indicated w1 and 16, respectively, and o
controller 18 t conptrol the operation of the dispenser. Although twao dispensing anits are
shown, i should be understonsd that one ot more dispersing units may be provided.

The dispenser 10 may also invlude 3 frame 20 baviog a base or support 22 for
supporting the substrate 12, a dispensing unit gantry 24 movably coupled to the feame 26 for
supporting and moving the dispensing unils 14, 16, and & seight measurement device ot
weigh seale 26 for weighing dispensed quantives of the viscous matenial, for exaople, 83 part

of a calibration procedure, sid providing weight data o the controdler 18 A conveyor

system (not shown) or other ransdor mechanism, such as g walking boam may be used in the

dizpenser 1) o control loading and unloading of sabstrates to and froan the dispenser. The
gatry 24 can be moved asing mwotors ander the contved of the controlier 18 fo position the
dHepensing units 14, 16 af predotermined locations over the subsirate. The dispeaser 1 may
mchade @ display et 28 comected (o the comtroller 18 for displaving vartoas information
an operator. There may be an optional second comtroller fr controlling the dispoasing units,

Prior to performing a dispensing operation, as dexcribed above, the substrate, e g,
privted Cironi! board, auest bealigned or otherwise i regbvirations with & dispoaser of the
dispensing system. The dispemser further inclades o vision system 30, which i onupled o s
viskoy systern gantry 32 movably coupled to the frame 20 for supporting and moving the
vision systent, Although shown separately from the dispensing unit gatry 24, the e
systeny gantry 32 meee uithize the same gantey sytem as the dispenasing anits 14, 16, As
deseribed, the vision system 30 is eonployed to vertly the Tocation of landmarks, konown as
fiduials or other featires and components, on the substrate. Onee located, the comtroller can
be prograrmmed to manipuhae the movement of one or both of the dispensing wiits 1, 1610
diapense matorial on the alectronic substaae.

Systems and methods of the present disclosare are dirested 1o the constractinn of e

dispensing upits 14, 16, The deseription systems and methods provided herein reference
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exevprtary slectronio sebstrates (e.g. printed ciroudt boards ), whicly are supported on the
support 332 of the dispenser 100 In owe embodineat, the dispense operation s controdied by
the conrotier 18, which may inchude 8 compater wysten condfigord to oontrol matenial
dispensers, In another embodiment, the controlier {8 may be manipulated by s operatin,

Reforming to FIG. 2, an exomplary material depostion svstem, generally indicsted at

200, may be configuredt from a XYFLEXPRO" dispenser platform offered by Speediine
Technslogies, Inc. of Franklin, Massachuscits, a subsidiry of the assignee of the present
disclosure. In one ensbodinmsent, the matertal deposition system 200 includes o framse 202 tha
supports components of the materiad deposition system, including but not limited o a
comroller, such as controfler 18, which is lovated in g vabinet of the nuterial deposition
systent. As shown, the owieriad deposition systen 200 Surther invludes two deposition s
dispensing units, genvrally indivated o 204 and 208, for depostiing fow viscous materials
{8, Joss than 530 contipoise), somi-viscous materials {e.g., 30108 contipoise), viscous
satenials (e, HOO-1000 contipoise ), andfor hagh viscous matorials (e, greater thas 1004
centipoise). The deposition waits 204, 206 may be mevvable along onthogonal axes by a
ganiry system, generally indicated at 208, onder the controd of the controlfer 18 o allow
dispensing of the material on the ciroutt board, such o substzate 13, which, s mentionsd
above, may sopetines be referred o as an electronie sebstrate or @ eireudt bowed. A cover
{not shown} yay be provided but 1s oo shown so as o reveal the interas! componends of the

materkad deposition system 200, including the deposition units 204, 206 and the gantry system

2. Although two deposition urits 203, 20 are shown and deseribed, sy nimber of
deposition units may be provided and fall within the scope of the prosent disclosars.

Circuit boards, such as substratex 12, which are fud into the material deposition
system 20 typically Bave a pattorn of pads or other surface anzas onteo which msterial wall
be depoaited. The waterial deposition systom 200 also includes a conveyor systern 210 that is
aveessible through an opening 212 provided alowg sach side of the material deposition system
to transport the cirouit board n an x-axis divection o 8 depositing posttion i the wmateriat

duposition aystem, When directed by the controller of the watarial deposition systam 200,

the oonveyor :«,—zgs;i.fm‘z 210 s;uppii&a civeutt hoards 1o g ﬁfzs;m'mﬂ location under the f.fi.'.‘;j}(}?sii{i{ﬁi'i

board s In place for a ma.msi‘zu:t’m’in.g aperation, g8, a deposition Op{:)nﬂii{m.
The material deposition systern 200 funther includes o vision mspoction syston, such
as the vision sydtn 30 shown in FIG, § that i configired 1o align the cirowit board and o

und inspect the material deposited on the ciregit boand, o one embodiment, the vision
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mspection systen 18 secuned teong of the depositions units 204, 206 or o the gantry system

8. To soccessfully depisit material o the oirvait bowed, the ciecuit boand and the

dopasition uniis 304, 206 are sligned, vig the contrefler 18, Allgveent is secomplishad by
moving the deposition units 204, 206 andfor the chroult board based on readings from the
vishon mspretion systean, When the deposition units 2044, 200 and the civenst board are
aligned correctly, the deposition valls are manipulated o porfonm o deposition operation,
After the deposition operadion, optional inspectiont of the circail board by moins of the vision
mspection syatem may be parformed fo costre that the peoper amoan? of materid has been
deposiiad and that the suderial bas boen deposited st the proper locations on the cirvait board.
The viston ingpection system cur use fidpciads, chips, board apertures, chip edgey, or athey
recognizable patteras on the ciroui! board (o deterniine proper aligament. After bspection s
the cipcuit board, the controller coptrols movemuent of the clreuit board 1o the sext location
asing the conveyor system, where & pext operation in the bomrd assembly process may be
performed, for example electrical covoponents may be placed on the ciraudt board or the
materials deposited on the board may be cuved.

In seone emthodiments, the material deposition system 200 sy operate as Follows.
The cironit board may be loaded into the material deposition systony 200 i a depositing
position usig the convevor system. The circoit board is aligned with the deposition units
204, 206 by wang the vision spection systern. The deposition vaits 204, 206 may than In
nitiated by the contradlor I8 & porform g deposit operstion i which miaterial is deposited st
precise Jocations oy the circult board. Once the deposition units 204, 206 have perftamed a
dupositing aperation, the eireuit board miay be transported by the convevor system fronm the
ansterial deposition system 2030 so that a secnnd, subseguent cireuit buard may be oaded into
th yoatediat deposition systony, The disposition anits 204, 206 muy be constracted o he
guickly revooved and replaced with other anits,

Referring to FIG. 3, a dispensiny wit, geverally indicated at 300, of an embodipent
of the prosent disclosire s shown and will be deseribed bebnw, As shown the dispensing unit
3Ky yehades « housing 302 and & noezsde assombly, generally indicatad 8t 304, which
releasably secured o the housing. Specifically, the dispenser housing 302, which is coupled
o an actuator along axis A, v configured to define an clongate chamber 306, which is
desipned 1o reosbve visoous mugterial for dispensing. A scal nut 308 and sullable sgals 310
seeure an upper pottion of g piston guide or chamber structoare 312 withen the chanber 306 of
the housing 302, A lower portieny of the piston gaide 312 is secured by the nowzle assembiy

304, which inchades a nogede nut 314 and @ vadve seat 310 apon which the fower partion of



WO 2014/158484 PCT/US2014/017228

the pixton gaide 32 pests, The eviindvical chamber 306 defines & divprasing cavity dhat s in
fland conpnumcaiion with & matorial Foed ube 318, which s adupted B reveive matesal from
a rosterial supply assembly. As shows, the material feed tube 318 htrodaces viseous
material within the charber 306 at the upper porticas of the piston guide 312 through an ket

S0 3200 As will be deseribed i greater detail below, the viscous matarial i delivered & the
chamber 300 1w the sialf dispensing cavity under pressure. The dispeasing unit 300 furthey
mohudes & reciprocating piston 322 that is partially disposed within the seal put 308 and the
piston guide 312, The piston 322 has an upper end that i3 biased e sovoks i a downwand
manaer by i spring and @ plunger, which s actuated by the actuior, and 8 Tower end

o

! is configured (0 be received and

H  copfigured @ ongage the vadve seat 316, The piston 33
slidably moved within the chamber 306 along axiz A,
Referriog ro FIG. 4, the lower portion of the dispensiog uait 300G s ithstrated. Ag

shown, the nozzle mat 314 i threadably secured to a lower portion of the heusing 302 and

configared o seoure the valve seat 316 between the noxzle ma and the Tower end of the

1S piston guide 3120 The valve seat 316 inclades @ geverally evhindrical member having a
conicn} surface 400 and & smali-dismeter bore 402, e.g., 1.005 inches in diameter, formed
therein, In one embodiment, the valve seat 316 may be fabricated from a haed material, such
an synthetic sapphive. The avangement iy such that viscous putertal 1s ejected from the
soatihametsr bove 03 onto g substrate, e, oiveait board T30 whae the piston 322 sogages

2 the valve seat 316, by pacticulnr embodiment, the nozale sssembly 304 may be provided as
& complote gssembly B the gud wser of the dispenser XK to aid in cleaning of the nowzle
asssembly, Specifically, a used pozele assembly 34 nay be completely removed from the
housing 302 of the dispensing unit 300 by unsvrewing the needle nut 314 and replaced with a
new {cloant nozele assenahly,

23 P operation, the yeeiprocating piston 322 % meveable bebween an upper position and
A lower position within the piston guide 312 provided within the chamber 306 of the hoosing
JE2. The dispensing median, e.g., solder paste, s introdeced wader pressure into the
chamber 306 throagh the et 320 and the dispensing material flows through alitg 404 formed
i the piston gaide 312 1o au open space above the vabve seat 316, Inthe lower position, the

3

My piston 3

22 ix seated azainst the vabve seat 316 and i the upper posttion, the piston s raised
out of the valve seat of the pozale assenbly. As described belinw, the actustor assembly
mchudes one of a plevoclectric aotuaator or & volee ool motor, whach s coupled to the piston
322, and opention of the actustor assonbly (via o Hexore assembly) causes the movement of

the piston between the apper and foewer positions, When the piston 323 mioves to #Hs fowered
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prsttion agabndt the vabve seat 316, & soall drop of material i dispensed though the sl
diametsy bore 402 formed in the valve seat,

Ax disoussed, the dispensing wt 300 provides ;rsra-::\::«.;m'i:ami iy {0 the source of
dispenning material 1o introduce the material ido the housing of the dispensing unit by the
austerial feed wbe 318, The partivulay pressure provided may be selected based wy the

material being vsed, volume of waterial buing dispensed, wad mode of operation of the

dispensing unit 300, During opertion of the dispenser, a user, throsgh the user bverface for
the dispensing platform, defines dispensing argas on a olrcul? board, The dispensing nait 308
may be ased o dispense dots and Hnes of puderial. When the dispensing it 300 s ssad o
divpense Hnow of matoriad frmed theough multiple dispensing eveles of the dispenser and &8
gsed to dispense muterial st selected bocations on a cirenit board sw other substrate oxdng an

ndividual {izxp&mm*«g cyede. For fines of maternial, o wser defines the start and stop positions

saterial a%’mg, the Bioe, Owee all iz\pcmmaz areas on & oneast board are defived and the
dispensing parameters set using a dispensing unit coutrol panel, the dispenser is able o
receive cirowt boards for processing. After moving a cirowit boansd to a dispensing location,
the dispenser controds the gantry systom 208 10 posttion the disponsing il over g diapensing
Incation. In ancther embodiment, the cireeit board may be moved under 8 stationary
dixpensing wott, Dispeasing for 2 particetar board will contines ami! material has been

dispensed at all locations on the board. The board is then wiloaded froam the systony and a

new bourd can be loaded nto the syw

Referring to FIGL &, a dispensing unit, gonerally indicated at M8, of anothey
embodiment of the present disclosury 15 shown amd will by desoribed bodow, Ax shown the

dizpensiug sait MEH achides o howsing 302 and o nozzle assenmbly, gevendly indicated ot 304,
which s reloasably secured W the howsing, Specifically, the dispenser hoasing 302, which i
conpted 10 an actuator along axis B, by configured to define an elongate chamber 306
configured to recetve viscous material for dispensirg, A seal nat 508 and switable seals 310

seCare an epper portion of # piston gdde 312 within the chamber 336 of the howsing 502,

fower portion of the piston guide 312 1 secured by the noezle assembly S04, which inclodes

a nozzic nut 514 and a nozzie 516 configured to be held by the nozzle nut. The chamber 306

detines o sorall dispensing cavity that s in floid comonndcation with o material feed fobe
S8, which w adapted 1o recerve muterial from o material supply ssserably, As showwn, the
material feed twbe IR introduces visgous material within the chambir 336 at the upper

portion of the piston guide 312 through o indet 8200 As will be desoribed in greater detald
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Bedow, the viscoas material s delivered to the chamber 506 under pressans. The dispensing
st 300 fuirther fnclodes @ piston 322 that 16 disposed within the seal o SO8 and the piston
gulde 3120 The piston 333 hes an upper ond socwred 10 an actuator by a flexuwe asseobly,
amd a lower amd eondigured o move into and out of & small orifice 324 formed in the lower
portion oof the piston gutde 312 The pistoay 332 1y confired to be recvaved and shdably
moved within the cvlindrival chamber slong axis B. A stop 526 s provided within a recess

formed in the soad ma 308, The stop 5286, which iy be formed from compliant resterial,

engages A head of the piston 322 to stop the downward movemant of the piston 322 during a

dispense operation.

Referdng o FIGL 6, the ower portion of the dispensing anit 306 s iffustated, As
shown, the tower erd of the pistiar 322 ix configured to move thrvagd the sowall ontfice 324 50
that # ends up 1o a position above the neesde 3100 The norele 316 inchudes o generally
eyvlindrical member having a conical surface 600 snd s smudb-dameter bore 602, 0.5, D008
mmches in diwoater, formed therein, Io one embodiment, the nowzle 316 may be fabrcaed
from a bard material, such as syuthetic sapphire, The arvangement s such that viscous
mterial is gjected froon the smalb-diameter borg 602 onto a substrate, e.g.. cireuit bosrd 12,

when the piston 322 displaces the material provided within the spuce above Uw nozzle 316

and below the end portion of the piston guade 3120 By a particubar enshodiment, the nozede
aaserbly 364 oy be provided as seomplete assemibly tothe end user of the dispenser o aid

in cleaning of the nozele assombrly, Specifically, & wsed nuzele assambly ey be complotely
remnovied fivwn the dispensing ot MK by uascrewing the needie npw and replaced with 3 now
{vican} ozele assembly,

Referring to FIG. 7, an optional nozzle heater sssombly, zoncrally indicated at 708,
ey be wsed with the dispensing unit, o3 dispensing wit 3000 and & tomperatwre of the
noxzie heater assembly may beoset using a oser intorface that ¥ coupled o the controler 18
It shoudd be noted that the optional nozzle beater assembly Y miay be wsed for dispensing
writ 500 and fall within the scope of the present disclisirs, The nozde heater assenbly 700
is comtrolled by the systen to matmain the heater ot a set tevnperatare. The nowele heater
assernbly 700 ks constrpeted o be attachied o the lower portion of the bousing 302 of the
dispensing unitl, 8.8, the nozzele nut 314 as shown in FIG. 7, o provide hest to the muterial
ahove the valve seat 316, Inone erobodiment, the nozzle heater assembly 700 inclodes a
hody 702, which jnclades s cantridge beater, a lemperalure senson, and mounting hardware,
The body 707 has a lower opening through which the hewer portion of the dispensing anit

304, Lo, the nozale assembly MM, extends. Clamips mugy be provided o secure the neszle

10
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heater asssanbly T (o the dispensing wott 300 by compressing the bady 702 hoosing against
the nozzle nut 314 of the norede assembly MM, The cartridge heater and the temperatone
sensor may be coupled to the system comtroler, which madntains the lompemiwre v the
vicinity of the lomperature sensor to i set value,

Referring to FIG. A, In voe embodiment, the upper end of the miston 322 is segured
1o @ comphiant flexore assombly, sometimes referred 10 @ a compliant assembly, generally
indicated st 808, which s confignred 1o secure the pision 1o the actuator assemnbly &0 provide
rechmrocating axial movemesdt of the pston. As shoawn, the upper end of the piateas 322
mcludes a howd portion B0 The compliant Slexuwre assembly 800 includes a gonerally
cylindrical flexure housing S04, which may be secured to # lever arm of a pierocioctnie
actuator assembly by a screw B In another enthodiment, the complant flexure assombly
KOO may be secored to & voiow ool motor sctaator asserily. The flexure housing 8
mchudes # reduced thicknoss portion or flexure clemond 8O¥, which enables the flexurs
assembly SO0 to accommodate the aronate mwotion of the lever arm of the plezogtectiic

actuator assernbly as 1t deves the reciprocal motion of the Hexure assemibly and the piston

332
The flesare assembly SO0 Ruther includes o spring housing 810 disposed within the
flenare bousing 84, a phanger 812 disposed within the spring housing at o lower ewd of the

spring housing and axiathy movable within the spring howsing, and 8 spring 314 disposed

botwern the spring housing and the plunger. The planger 312 inclodes voke fingers 316

configured to captie the head pintion 802 of the piston 322, The conypdiant Bexure
assenbly 800 fucther includes a rod 818 disposed within the flexere housing 804 and the
spring housing 810, the rod having o lower end that 15 secured o the plunger SE2 The
arrangement by suoh that the plunger 812 of the Hexare assembly S0 ivconfigured 10 spply &
downwand bias on the bead povtion 802 of the piston 332,

Specifically, during operation of the dispersing it 3K, the acteator assembly drives
the up-and-denvn movement of the Hexure assembly SO0 and the piston 3220 Daring a
deserwiod stroke v which the piston 322 engages the vabve seat 316, the sonmtor assembly
and flesure assembly 800 has o tendenoy to continge driving downwardly even though the
piston has abruptly stopped moving, Doring thix motion, the phinger 812 engages the head
portion 802 of the pistont 322 and the spring S{4 iy comnpressed within the spring housing 810
as the Jexure boosing 808 continues 1y downward movement,. When the piston 322 wina

3

seadead position within the valve seat 319, the spring 814 ix confipured to hax the plonger 812
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deswnwandiy to fiemly seat the piston within the valve seat, thereby closing the dispensing
anit 300

The floxure gssernbly SO may further include a second Hexure oloment 830 disposed
about the flexure housing 804t ¢ lewer end of the Hexure hoosing, In one embodiment, the

secomd floxure element 820 may embody a spider flexwe that enablos two degrees of

MOVEIIONE, &8, vertical asd pitch, which further assists in scoommondating the arcuate
motion of the lever amm of the plezoelectric actuator assermnbly as it drives the ap-and-down
movement of the piston 322

Refering to FIG. 8B, in asother embodiment, the upper ond of the piston 822 1
sectred 1o ¢ compliant Hexure assendly, sometimes referved 1o as & compliant assenidy,
generaliy indivated at 850, which is configured fo secure the piston 1o an sctuater assembly,
such as the plezoelectric actuator assembly, o provide reciprocating axial movemant of the
piston, As with flexure assembly SO, the flexure assombly S50 msy be sevured (0 a voice
cotl motor actuator assembly. As shows, the upper end of the piston 322 inchudes two
spaced-apart head portions 832, 854, The flexwre assenbly 830 includes a yoke 356 that is
constmeted o secure the upper head portion 832 of the piston 522 within the space between
the two head portions 883, 854 of the piston, The Hesure assembly 850 fanther inchudes a
ceneraly celindoical flexare hoasing 85K, which 1s operated by the actoator assembly, For

the presoeiecivie sotostor assembly, the Bevure hoosing ¥38 may inclode a reduced thickpess

purtion or Hexure slement (at shown in FIG, SR, whivh enables the flexure assembly ¥
scconnmdate the arcuste motion of the lever arm as 1t drives the reciprocad motion of the
flexure assembly ansd the piston 322,

The flexure assembly 830 fwrther includes a spring housing 860 disposed within the
Feovare housing 838, 4 plunger 862 disposed within the spring housing af 2 lower ewd of the
spring housing and aially wovable within the spring tenemg, and 8 spring 364 disposed
between the sprivig housing and the plunger, The srangeoment §s such that a fower end of &
resd 66 i secoared o the plunger 882 to provide the axvial wovement of the piston 322 within
the spring housing 838 s described above. A stop 526 may be proveided to stop the
movernent of the piston $32 by engaging the lower head porton 884 of the plsion. The
arrangenient is sueh that the plunger 862 of the flexure assembly 830 ix configured 1o upply a
downward Bias o the head portion 852 of the piston 522, Specificaliy, deving operation of
the disponsing walt 500, the actuator assembly debves the up-and-down movement of the
flexire sssembly 830 and the piston 322, Daring o dewnward stivke in which the head

portion 834 of the mston 332 engages the sop 326, the actuator assemibly and Hexure

12
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ssaeanbly 830 hay o tendeney 10 continge deiving disenwardly even theargh the piston bag
shropthy stopped moving, Duoning this motion, the plunger 862 enpages the head pontion 832

of the piston 322 and the spring 864 v womnprossesd within the spring housing 860 as the
flexure housing 858 continues ity downward movemen,

FIG. 9 ustrates & plezosiectne actuator assembly, gonerally indicated at 808,
operating a dispensing unit 304, 500 of enbodiments of the prosent disclosure. As sluran,
the pleroelocirie actautor assembly 900 nelades a bousing 02 configured o seoure the
dispensing unit 300, 30 therete. The bousing 902 of the plezselsotric actuntor sssembly B0
ix suitably seoured o the gandry 3N 1o move the dispensing wut duriag a dispensing
operation,

Referring to FIGS. Hlmud 11, the plezoelecirie sotuntor assembly H¥Y s shovwn with

dispensing unit 300 It should be anderstood that the plezoelectnic sctuator assembly WO

may be used with dispensing unit M and Tl within the scope of the present disclosure, The
housing 902 of the plezoclectrie actuator assembly 900 1 configured o support the
coniponents of the pleroclectic actuator assembly. As shown, the preroslecic sctaator
assembly s secwred to the Hexure assembly 800 o effect the rapid up-and-down movement
of the piston 322, Specifically, the plezocleotric actuator assombly B0 fnchudes 8 lever arm
1100 having an sad portion 1102 configured to be secared to the upper end of the Hexwre

housing 804 of the flexure avembly RGO, The proroelectric avsombly further ncladex g

piezoelsctric stark nterface block 1104, @ mounting block 1 16, and a hinge 1107 disposed

betwegy the lever aem 1100 and the tnterface block T HM and the mousting block, The hinge
17 duchudes two pivot pouds TG, 1110 that enable the lover som 110G o rock ar pived
with respeet to the up-and-down movement of the interfuce bloek THM, The interface block
P04 iomoved in an up-qud-diwen divection by & plerosiectvio stack THZ which s
positioned above the interface block, I one evabodiveent, the resalt s that the plezoslectrie
stack 112 s capable of moving the interfiee block g distance of 83 microns $3.063
milhmeters). The movement of the interface blook 1104 via the lover arm THY causes the
axiad movernent of the flexare wsembly 1© be 638 microns (0,63 millimeters). The
preroelectrio staek can opevate ot g speed up 1o LOOG Hevtz, The fexare assembly 800 i
configured B address any uawanted fateral mevement of the piston 322 ax the piston
reciprovates i an up-and-dewn owrvement, Thay, the plczoclectric actumior assembly YO0 s
capable of transhating the vooveent of the plezostectric stack 1112 to produce gpand-down
moveient of the flexure assombly BOU, which in tten produces the up-and-down movement

of the piston 322,

13
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The preoelectine actuatty sssembdy 800 further mchades a seasor sssembly generadly
indivated st 1 o provide a closed-oop detection of the movement of the plevoelectric
avtustor assexably, Specilically, the sonsor assembly 1 inchudes & over army sensor 1HIG
configured to detect § target provided on the fever arm 10D o determine the movement of
the lever arm 1, and a rod sensor 1S confizured to detoet & turget provided on an upper
end of the rod o deteranne the movement of the rod 818, The lever arm sensor T
secured fo the hoosing Y02 and is posittoned a predoterpined distince frony the target
provided on the lover arm FHXL This pradetermined distance or gap is detegted by the fever
arme sensor FHS 1o determing the amowyt of movement of the tever axm 100 during
operaticar. Simitlarly, the rod sensor 1S i serured 80 the housing 902 and ix positioned &
praghatermoined distanee from the arget on the rod 818, This predetermined distance s gugr 85
detected by the rod seusor THHE o determine the amount of movement of the rod 81X during

operation. With the rod sensor 1HS, thew

pper engd of the rod B8 has a sensor target 120 o

provide an object For the rod sensor o delect,

The sensor assombly THA may be used as part of a control systent o provide foed-
forward controd of the reciprocuting motion of the piston. An adaptive rostine rosy be
provided that can vary drive signals ased (o drive the actuator sssembly 1o ensure a desired
siotion profife s achioved, sven as operating pavmneters, such ax viscosity, vary, For
example, viseosity of the matersal cay change with thye and sempersture, Tos change
viseosiy nry canse a foad on thy aotugtor assembly to change, and thus alter an sctual
motioy achivved, By seasing thix change wy motioy profile, subseguent drive stgnals can be
adjusted as reguired {0 mudntain @ desived nudion profife. Sincs these operating paramster
chunges tend o deift showly with time and tomperature, the feed-forward adaptive routine can
tack these variations tn veal e, This is ditforent by nutare from a fead-back vonteol
systevny, 0 which the drve sigoal B varied 1 real Bime at the foll bandwidih of the systen,
The adaptation 1o the feed-forward control system only needs o adipt at rates faster than the
variations for which # iy intended to compensate. An overwheldning advantage of fead-
forward control systems 1s that wdike fred-back control systoms, theye can be designed to be
unconditionally stable.

The upper end of the rod 818 s further comected & a plonger sssembly baving two
ball plungers 1122, 1124 and a release lover 126 connected to the ball plungers, The two
ball plangers 1122, 1134 force the release fover 1120 out of the way {down) during regular
operation, With the release Jever 1126 vut of the way, the dispensing st o operate freely

with oo restrictions of the range of motion. When the dispensing umit iy releassd power s
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dropped from the preosdectvie stack T the fover mooy PIO pveves ot known {ocativn, To

redease the pistiny, the compliancs spring SH of the Hexuwe assembly SIRY i compuessed o

froe up the head 80T of the piston 332 Thoy s achieved by Bfting ap on the release lever
1126, which coanpresses the ball plongers T2, 1124, There are two sets of screws {not
destgnated) provided on the release lover 1126, The two sets of sorews it ap on the bottom
of a target, which 1 torn 1ils on the rod 818, which lfts on the plunger 8§12, which finally
cornpresses the spring 814 and froes up the piston 322,

i anothey ambodiment, & volce cotl motor actuator assembly may be provided
opere the dispensing uni, o.g., dispensing unit 300 or 300, The voice coil motor sobtor
assenby is well known in the st and may be sultably conpled to the dispensing wint to deive
the oporation of the piston 322 or 322, Fow example, FIG. 12 illustrates & voitce coif motor
aetuator assenbly, generally indicated at 1204, operating a dispeosing unit, e.g., dixpensing

anit 300 or 300, As shows, the volve coil moetor actuator assembly 1200 includes a housing

1202 comfigured o seowre the dispensing anit theseto at location 1L The bousing 1202 of
the voice coil mwotor actustor assembly 1200 15 suitably secured o the gantry 208 o move the

dispensing anit duning a dispensing operation. In one embodiment, the voice cotl motor

actitor assembly may mclude a three ool polefd magnet motor,

i operationy, the dispensing unit 300 or S35 is posttioned ol a sonimal clearanes
heraht above the subsirate, o, crat board 12, This cloasince hetaht s rnaintaimed wt g

redativedy consistind olovatton above the cinvuit bosed throughout thy dispense speragion,

aithough vartations v the height of the circutt board, or rregulanties in the flatness of the top
surface of the cicut board, may cawse the clearance boight to vary without adversely
impacting the dispensing of viscous material. Speeifically, the dispenser unit doss not need
fo HH the nogele away from the oirouit boaed B thie 2-axis divection of the gl of each
dizpense operation. However, 1o acconmmodate vanations i the height of the fircuit board
and frregalarities tn the flatmess of the cirgudt boavd for to even avoid ohstacles), the dispenser
may be configared w0 achieve -axis movenrait. Iy cortain embodiments, a faser detection
systeny may be ased o determine @ height of the dispenser,

Thus, it should be observed that a featwve of the present disclosure 1§ the axidd

complianos of the compliant Hexure assembly 800, This compliance permits the piston 322
to stop abruptly when @ contacts the vabve seat 316, ar when the lewer head portion 8534 of
the piston S22 contacts the stop 326, while permitting additonal moton of the floxure
assembly 800 past this point of contact. The compliant Hexure assombly SO0 pormits Thnited

redative travel betweon the actuater sssembly {vis the Hexure bousing 8041 and the piston 323
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v 5220 Thes devouphing of motion reduves the shvek loads w0 the aotaator assembly,
Incveases the rapidity with which the piston may be decelerated, wind 1 some modey o
opergtion, poronty a more onergy effiviont opevation by vonverting the kinetic energy of the
Hexure assembly to potential energy in the compressed complisncs spring, and sabseguently
revovening this potential snergy as Rnetic ensagy of the sctuator ay the spring wonks to
gocelerate the actuatoy i the opposite divect. As shown and deseribed, the cowmphant Hexure
aasernbly 8OO is farther configurad o oxtend a length of the sssembly, fe., the pluonger 812 or
B62, to an extended postion. The compliant Sesure assembly SO0 has o stiffnesx of
compliance. The compliant Sexuwre assembly 800 is vonfigured 1o vary a suffpess of
compliance #s a function of relative motion between the sotuator and the piston.

B a cortam smbodirnent, the disponser may be based on an existing platform, sech as
platforn dispeasing systouns that are offered under the brand sames FXCD and XyllesPros,

and operates uxing dispensing sofbware, such as software that is offvred under the brand name

Benchmark, which we offored by Speediine Technologies, Inc, of Franklin, Massgchosoits, 8
subsidury of the assignee of the disclosare.

A method of operating s dispenser 1o dispense a voluome of viscous material on a
subsirate s Durther disclosed, The disponsing unit may be disponsing wait 300 or SH0, which
iz coupled to sctuator aaseraddy 800 or 1200, In vne cmbodiment, the method nchedes
conpacting g pleroslectric avtuator assembly SO0 oy the prston. The pleeosiectriv schaalor
gesembly 8 i configarad todave the upeand down movement of the piston. The method
further inclodes activating a piesoedectnie stack 1112 1o duive the upeand-down movgment of
a flexure assembly 400 and a piston 3220 In a cortain sabodiment, the plezoelsonic stack
T2 operates af a speed between xere and 1,000 MHertz, The method may further include
Bniting anwanted fateral movement of the pistonr 3232 ay the pision reciprovates i an up-anid
down movement by the flexure assembly 800, The method may fenther include sensing the
movenment of the actuator assembly o provide closed loop operation of S dispenser. The
method further may inchade controlling the uperation of the pievoslectriv actuator assembly
with a controdler 18, The controlter 18 is comfigursd tomove the piston 322 from a pre-
dispense postion iy which viscons materiad 16 ftrodoced o the chamber 306 1o g dispense
position i which the piston dispenses viscous nuderial frony the chamber and through the
vabve seat 36,

Adtornate embodivaenss of the present disclosure may ichsde various mecharisms 1o
geconplish the compliant advantages of the comphiant Hexure assembly SO0 For sxanple,

one embodiment may incorponaie hvdraele components 0 vary the stiffaess of compliance
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as & fonction of the relative veloeity botwesy the housing B804 sad the plonger 8120 An
combstion engiues,

Having thus desoribed at {east one embodiment of the disclosure, varions alternations,

S mendifications and mmprovements will readity ceowr o those shilfed in the art, Such

alterations, madifications snd uprovaments are idendded (o be within the seope and spinit of
the disclosure. Accordingly, the fregoing desoription is by way of exaraple oady and s not
intended to be Hoting, The imit is defined only in the following claims and squivalents
thevetdo,

1} What is claimed s
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CLAIMS

1. & dispenser comfigured o disporse materiad ong substoate, the dispenser
COMPINIng

a dispensing it incloding a howsing having 8 chamber, o piston disposed 1 the
chamber and axially owrvable within the chamber, and 8 vozsle coupled to the hoasing, the
novzde having wn orifice co-axial with the chamber of the housing;

an actaator couplad to the dispensing unit and configorsd o dvive the up-and down
moverend of the piston; and

@ connpliant assembiy coupled to the avtutor and the piston, the conypdiant assembly

being vonfigmed 1o peranit Hondiad redative travel batwesay the actuaten sd the pston,

2. The dispenser of claim |, wherein the com

tant axsembly is further
configered 1o Mas g leogth of the compliant assombly (0 an extended position.

3 The dispenser of claim 1, wherein the comphiant assembly inchudes a bousing
coupled o the actuator amd @ plunger disposed within the bousing af & lower end of twe

hogsing, the planger being blased 1o an extended position.

4, The dispenser of clatin 3, wherein the compliant assombly further nvlodes a
sprivg dhisposed between the housing and the plenger, the spring being configured to bias the
plunger b the sxtemded posttion,

3. The dispeser of clatm 4, wheretns the plunger of the complisnt awenbly i
configoared o apply & dowwward bias on the piston, and, during & deswvoward stroke of de

pisteny, the phager engages the piston and the spring is compressed within the hoosing.

&, The dispeaser of claim 1, whersin the actostor is a plerostectric actuator

assganbly.

i The dispenser of clatny 1, whereln the sotuator tv @ vacs conl mtor
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& The dispenser of cladm §, whersin the piston stops whes a tip of the piston

Enganes a-seat, the cianpliant assenibdly pornitiing farthey pavel of the sotustor sulwequent 6

2

the engagement of the plston sgainst the seat

9, The dispeasey of claimy 1L wherein the piston stops when o foatare of the pidion
srigages a slop, the complhiant assevably permitting further raved of the actuatr subseguent 1o

the engagenunt of the piston againsd the stop.

10 the dispenser of claim 1, wherein the comphinm assembly bas o stiffoess of
compiancs, the compliant assenibly being configured 1o vy o stiffness of conyliance #s
function of relative moticer butwesn the actuator ard the piston.

11 The dispenser of claim |, furthor compr nt of the

sotgato,

12, The dispenser of clabm 11, further comypwising a sehsor 1o sense g position of

the piston.

130 Fhe dispeasser of Clatrg H further fnchading a comtrolier for comtandBing the

gotuator, the controller being configured o perform o feed forward sdaptive routine, the
contrafier fovther being condiguned to attbize sensor data frong the seysor and the feed-forward

adaptive rogtine to control motion of the sctuator 1 achieve ¢ desired actoator motion prodile.

4. The dispenser of cladm § further comprising & sopsor 10 sense g position of the

piston,

15, The dispenser of claim M, ferther tncluding & controller for constrolling the
actuator, the controller being configured o perform o foed-forward adaptive roatine, the
controller fuvthier being condigored to wiilize sensor data frow the sensor aud the feed-forwad

achipdive routine 1o control motion of the actoator to achieve a desirad sotuatoy mntion profife,
6. Amethod of operating g dispenser o dispense materiad on a substrate, the

dHspenser comprising a dispensing unit including @ bousing baving a chamber, a piston

disposed in the chamber and axiatly movable within the chamber, and 8 nozzde coupled (o the
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Brysing, the noeele havisg an orifice coraxial with the chamber of the howsiug, and an
getuator coupded o the dspensing wnit amd configured o drrve the up-and down movenent of
the pistony, the method cormprising:

promitting Hmited refative travel between the sctuator and the piston.

P The mothod of claim 16, further comprising blasing a longth of the complian

sssernbly 0 an extended position.

18, The method of claim 16, wherein the actuator is a plezoelectric actuatey

HE o assembly,
FEER The metheodd of claim 16, whersin the acistor 8 8 voice ool momrn

i The mothad of oladm 16, whersin the piston stops when o tip of the piston
IS ongsges aoseat, the methed farther comprising permsitting Purther travel of the sctsator
subsequent 1o the engagement of the prston agsinst the seal.

2 The method of cladm 16, wherein the piston stops when a feature of the piston

ergages & sty the method fonther comprising perpaiiting Rurther tavel of the actuator

2 subseguent to the engagement of the pistoat against the stop,

23 The method of claim 16, further comprising varving a stiffness of coanphiance

as 8 function of refative motion botween the actumtor and the pistim,
23 230 The pothod of cladm 18, forther comprising sensing 8 position of the actuator,
24, The method of clanm 23, further comprising sensig & position of the piston,

25 The method of olaim 33, Tuether comprising controlling the soiator by
3 providing a feed-Farward adaptive routine to utilize sensor data from the sensor and the fead-
forward adaptive routine o control mution of the actustor 1o achieve & destred setuator

motion profile.

26 The mothed of claiay 1, further comprising sonsing a position of the piston,

20
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27 The method of clapn 26, further ctanprising controliing the actustor by
provichag a feod-forsard sdaptive routing o utihize sensor data from the sensor and the feed-
forprand aduptive routing to control mution of the actuator 1o achieve a desired actuator

3 motion pofile.

21
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