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PCT/ US98/ .03121 . . DUAL TRACK STENCI LI NG SYSTEM W TH SOLDER -
GATHERI NG HEAD Rel at ed
Applications This application is a continuation-in-part of
Serial No. 08/802,934, filed February 21, 5 1997 and entitled Dual Track
Stencil/Screen Printer. _ F| eI d of
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circuit board manufacturi ng and nor e speC|f|caIIy to a rret hod and
apparatus for inproving the performance of circuit board stenciling
operations. 10 elated Anplications  Background of the
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costs tine and I Nncreases expense. For exanple, the typica
circuit bopedtiomsauf act uri ng process |ncludes t hree basic operations,
each of which is usually perforned by an independent machi ne. These

oper at lbns i nclude stenciling of a pattern of solder onto the pads of

an incomng circuit board, pl aceg;&% ﬁﬁ % f%%! AAYPRGGRNE S on t he pads of the
board, and heating the board to €s 5 |r§ 0 eeln egrity of the cont act
bet ween the solAlsi istadwnlia theat, dhe suteeiofsirodit boued arARORINGTS is Aedtufeddn Banls.

25 The stenci I ing and t he pl acenent operatjons nust be perforned in
a preci se oftherumbes of defectelien predudinthey arpegbie to supply ip agiventtime periaslyi ded. The

stencili ”%rﬂﬁﬁﬁ:?&tét?,”mé Sacﬁzé/\%rr?e%t l)y d&lerrezl %goqﬁlctw%y levels is hampered by the accuracy

15 requirements inherent in providing such defect-free products. The accuracy requirements
become even more difficult to attain as technological advances command smaller component
sizes and more pins per package fitting on a circuit board with very closely spaced pads.
Defective boards may be either rejected outright or reworked, both of which costs time and
increases expense.

20 For example, the typical circuit board manufacturing process includes three basic

- operations, each of which is usually performed by an independent machine. These operations
include stenciling of a pattern of solder onto the pads of an incoming circuit board, placement of
components on the pads of the board, and heating the board to establish the integrity of the
contact between the solder and the board, the pins of the components, and the pads.

25 The stenciling and the placement operations must be performed in a precise manner to
ensure that a defect-free product is provided. The stenciling operation is typically performed by
a.stencil machine. Boards that are fed into the stencil machine have a pattern of pads or other,
usually conductive surface areas onto which solder will be deposited. In addition, one or more
small holes, or marks, called fiducials, are provided on the board for alignment purposes. The

30 stencil machine also typically includes a stencil (or screen) having a pattern of apertures etched

through the stencil that matches the expected solder pattern to be placed on the circuit board .
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upon the stenciled solder to a reflow machme. The reflow machine heats the existing solder to

cause the solder to form tight connections with the pins of the components that were placed by
the pick and place machine and the pads or other surfaces of the board.

25 In the systems described above, the accuracy required in the printing of solder on circuit
boards and in the placement of components on the printed solder leads to the use of alignment
procedures for the circuit board which cause delays in the manufacturing process. In addition,
there is an added element of delay, referred to as ‘dwell time’ at the pick and place machine as
the pick and place machine waits to receive a board from the stenciling machine. Each of these

30 delays reduces the overall performance and productivity of the manufacturing process. It would
be desirable to develop a method and apparatus for increasing the throughput of the circuit board

manufacturing process.



there i s WOBEAHMY el enent of delay, referred to as 'dwell PERSOPBIZE, pi ck
and pl ace .nachine as - t he pick and phace nmachine waits to receive a-
board fromthe stenciling machi ne. Each of these 30 delays reduces the
overal | performance and producti vitw-af dfife RRHGGEL Uri ng process. It would
be desirable to devel op a nethod and apparatus tor increasing the
t hroughput of the circuit board manuf acturi ng process.

Sunmary of the Invention
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dispensing unit to a second one of the tracks, and advancing the solder dispensing mechanism

over the stencil over the second one of the pair of cifcuit boards on the second one of the tracks

to dispose solder through the stencil onto the second one of the pair of circuit boards. With such
25 an arrangement, by using a solder dispensing mechanism that is capable of both dispensing and

removing excess solder, both circuit boards may be simultaneously engaged and serially

stenciled in the dual track stenciling system, thereby increasing the overall performance and

flexibility of the system.

According to another aspect of the invention, a stenciling system for use in a circuit board

30 manufacturing process includes a plurality of sets of rails, each of the plurality of sets of rails for

supporting and advancing a plurality of circuit boards through the stenciling system, and

a solder dispensing head, disposed over the plurality of sets of rails, for depositing solder on a
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15 Brief Description of the Draw ngs

Fig. 1 is bonmltbistencidiall@f the at leagbenextiicnyy botrd. di screte steps used in a
circuit board manuf acturing process according to the present

i nventi on; Fig. 2 is a diagramof a stenciling machine for
use in the circuit board manufacturing process of Figure 1; 20

Fig. 3 is a block diagramillustrating the control structure of the

stenci lts ng machi ne of -Fi @rief Description of the Drawihgyy. 4 is a side view
in part of the stenci]i ching of Fig. 2, illustrating one nanner of
operating that Fégeh@id“? ﬂgwﬁ%ﬂﬁé%lustratmg the discrete stepgyused ip g cyowit Begrdm of t he

rail systqﬁl le ' | 2.4 lustrating the 25 placenent
of the dua s?%%%ﬁi%gg%b%ﬁ@%g@g{aeid%sggtf&ﬁdéioétenciI system
Figs. 6a-6d ar eripl Didha dia@amasta stédciliig midhig fobh gseSAMMEEERItPoahtPRahifidulhg
circuit boards t hrough the stencil systemof Fig. 2;.

process of Figure 1;

20 Fig. 3 is a block diagram illustrating the control structure of the stenciling machine of
Figure 2;
Fig. 4 is a side view in part of the stenciling machine of Fig. 2, illustrating one manner of
operating that stenciling machine;
Fig. 5 is a diagram of the rail system of the stencil system of Fig. 2, illustrating the
25 placement of the dual stencil over the dual rails of the stencil system;
Figs. 6a-6d are block diagrams illustrating the sequence of handling of circuit boards
through the stencil system of Fig. 2;
Fig. 7 is a diagram illustrating a solder gathering head for use in the dual track stenciling
machine of Fig. 2;
30 Figs. 8a-8c are diagrams illustrating the operation of the solder gathering head of Fig. 7;
Figs. 9a-9¢ are blocked diagrams illustrating the sequence of handling of circuit boards in

the stenciling system of Fig. 2 using the solder gathering head of Fig. 7,



Fig. 7 is WOM&EMAM i | lustrating a sol der gathering head foFPCHUS 313 ,e
dual track.stenciling - machi ne of FH¥: 2; 30 Figs. 8a-8c are
diagrams illustrating the operation of the solder gathering head of Fig. 7;
Figs. 9a-9e argjhl pokeg shedlckmagrahs Hiusatiimgmuhiplsanbeiimensiof beldel disygensihg
circuit boards in the stenciling systemof Fig. 2 using the sol der
gat her i ng heatsdfonfiselih ghe dual track stenciling machine of Fig. 2
- 5 - . Ji.gs...10-1 re block .diaar il hustpating.,oul tiple
enbodi ment s of Fiilds diasgm fusftiog et AR Eud iall B st e 8ot
stencili ng:i%rsﬁchi ne of Fig. 2 Fig. 11 is a diagramillustrating
the notor "control and rails of the stenciling system of Fig. 2, 5
Figure sl2 is a Rigpagrlars a dlagsm Aluistratinigthe arraagegeme of rag$ i thielopetation b the
operation of the stenciling systemin single track node.

Fig. 13 i steactiinggystemiipsingle s ﬁ@"‘fq‘\e position of rails in a single track
node; . i g. | S - WY ' t A t I f .of rails
in a dual tracl}:‘ﬁb@egad}%&ﬁ lmaﬁ‘gég{gﬂﬁghﬁ cﬁﬁx}%&aﬁ%&ﬁﬁ%&lﬁxﬁﬂ%t rating a
reboot/reset prggefsis akilagram illustfatiflg tHefposition ofirsify inm dual ®aukifede; embodi ment
of the dual rail "system where the dual rail system has shortened
rails; Fig. 1 Hisq flow diagram dllustyating arebgetdesas prasessodi ment of a dual
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dual rail #@hﬁﬂﬁstsﬂaﬁe&rd%ﬁé?? all 15 material handling on a single side of
an i g.

the syste 19 is a diagramof a dual rail system

havi ng a mechanfigal 7 {s xdidgramopfdayihepermbedimeht efsdual rail sysient thagprovidesall
boards si nul t aneously. Det ai | ed

Descri pt i omatsfiat emdling enmisingle side of the systg®8f erring now to Fig. 1, an .
apparatus for provigding.inproved perfo nce, for.circuit board

manuf act uri ng iﬁ’(gl' hjgéssﬂg %‘a%m offqng&gr FI&F’F&WH%%TTII f%tjsyﬁ%bﬁha} prgvides,all . of
circuit, boards: : ngid i ng machi ne 14. The dual
track nat ulr%g‘%?}fll lgaﬁlghé%gflg%ﬂ}%@%}%gﬁ%@)?é{{&e@’ %%d t he pick and pl ace

machi ne, thus af{gw iga iaprai\ef Ddhail el mtehehavmge@mdmdavﬁ&mmgrddei@etlﬁtm@ws
pi ck and place machine 16. Each of the tracks extends to provide a dual

i nput pat hptinting orefwabpazds simubienequsly8. Conpl eted circuit boards 20a and 20b
exit fromthe reflow machine 18. The i nterface between the stencil
machi ne 14, the pick and place machine 16 and the refl ow nachine S

controll ed according to prot 00ﬁ£ﬁi!§£%&§ﬁiﬂﬁblp¥ﬁﬁlg(igﬁlﬂtio?)ce Mount Equi pnent
Manuf act uri ng Associ ati on

20 Referring now to Fig. 1, an apparatus for providing improved performance for circuit

board manufacturing includes a dual track rail system 11 for providing a pair of circuit boards
12a and 12b to the stenciling machine 14. The dual track nature of the system is incorporated at
the pick and piace machine, thus allowing for two boards to be independently forwarded to the
pick and place machine 16. Each of the tracks extends to provide a dual input path to a reflow
25 machine 18. Completed circuit boards 20a and 20b exit from the reflow machine 18. The
interface between the stencil machine 14, the pick and place machine 16 and the reflow machine
is controlled according to protocols set forth by the Surface Mount Equipment Manufacturing
Association (SMEMA).
Providing a dual track system allows for the performance of the circuit board
30 manufacturing process to be improved since the dwell time formerly incurred at the pick and
place machine may be eliminated. This is accomplished by providing a second board to a second

track of the pick and place machine while the pick and place machine is operating on a first



Providing a dual track systemallows for the perfornmance of the circuit

boar d o fipcturing process to be inproved since the $osfob 1B
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This is ‘acconplished by providing a secénd board to a second track of

the pick and place machine while the pick and place nmachine is operating on
a firstboard on the first track. When the pick and place machine completes operation on the fir§-
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processi ng machi ne,. by forwardi ng tw boards through on the track and
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at a tracksstem onf to work
Mt oBBtreTheamrimbhigRuth, b aftien el BodS bR bV s Bk 308 RL Thor ki ng
nest on,gstiyn %@dﬁdl%cl@fsystté)ﬁ nﬁy%%hﬁ@iﬁ@@ kd orkOwitR ffHokik d6kdketsY transferdiy  be
configured to work wth pallets for handling sensitive nmaterials, by
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t he other track. These enbod] nents wil | addi ti onal y be desgri bed
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processes where either a top and bottom side of a board are 15 needed to

be.pri nnmmcmmaqdewahma&bng admmlangmtexf afiditionnl hewtvaro topriqrartstendiling f or
faster g{ ne board Referring now to, Fig. 2,

one enbSYFtHE dsdi“ étn‘ﬁ'rn | GeReme aRRaTent é@tmaaf%lg‘t?lﬁﬂi“ﬁeg stem may Bg ont
' nvent ' lQ)?txlnSall? QW for yﬁuﬁ{cﬁﬂﬁh lpr&%yéeg @vh%n% difhet & ‘f)%g'a%fo kS made %fd%b&@d gRd 28.

The provi novene I"ong the X-axis circui ards as

t hey 1sar Gekbdyato be@rinted, shered hothecdtidriaugiter Bdard heed tbibe peifteddonfontasedr t he
i nventi on, each Palr of rails, such as rails 22 and 24, form one

track. maedessingplomebossh track further includes a conveyor belt (not shown
h whi t el t h h th

ctenti | machi N RaAevL Tikch phe BRBOGrSRT o Aincina o fpcedinede i 1 or
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simulta eousF rea 37 1s & nest" fmdhe stenci i ng

devi ce 3ftovidh mdvemeni aloegstha xZammeof dirvait boards as tirynardinpeay tofthe stpicilvindelige
novemrent of the board al on&lthe Zz axis 29. The work nest is the area
in tR8 mifkHntaisgmbgdingnt ofthednventipn,isach pair phiailpiclaniagls 28 and 24, formone A

Cuppor t SHREHeER 281 et BELCAARBn LA o iRl Bt i) AR D Bl ¢

27 and s@ediitbanRYs ak hQS fa@ﬁbﬁed tuh @RS Réichl RALhBR. HAIR ofliRAfcks del | be
pr ovided | ater herein. shoul d be noted that although herein the term
' st enci | independently controlled for allowing boards on different tracks to be moved to different
positions simultaneously.

25 Area 37 is the “work nest” of the stenciling device 30, which includes a Z-tower (not
shown here) for providing movement of the board along the z axis 29. The work nest is the area
in the machine at which the stenciling of the board occurs.

A stencil support 38 is included on either side of the rails. The stencil support 38 allows
a stencil (not shown) to be inserted in the y-axis 27 and secured above the rails. More details on
30 the stencil will be provided later herein. It should be noted that although herein the term *stencil’

is used, a screen may also be used.

One embodiment of a squeegee arm 35 is shown to include a pivoting squeegee head 32,



is used, AVOEBRYAl may al so be used. One enbodi REFUSHY03121
squeegee arm-35 i.s shown to include a pivoyLng squeegee head 32,

-7 - a squeegee notor 33 and a paste dispenser 34. Although the
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subst i t ut elktdbutiontiselder paste, deghosld beomdeftmdstatd ek agdud) @a dthdp mateniot msp alsa be
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sol der paste t.0, 6 be. di sper OCds Lo ' . ad
s the pr ot ass FopEEeRs S iEREte ARt SR R AR AP ARl

Massac _hfs %%;ﬁ:- thHBlows thESSIGR PASe a6 Be HI%FS;&‘%ed Rerbhahy steudis Grfe QNBblelsheczteRsdd
and rails. The paste dispenser 34 supplies sol der paste to the pivoting

squeegee higde, Prgdiead squeggesnvailable fsons iGorporagompf Frankien, Massachusetts. The
shoul d be noted that while, the sqgueegee head.herein i descri.bed as havi.n
bl ades, i rfaPgREES AFR MQYES gﬁ@@%ﬂ&&ﬂﬁ&%ﬂﬁh@ﬂﬁ%ﬂﬁ% oy The Rasfs: FRenS 34 Supplic
di stributi I SRELd YERSal ol b v .

A vacuum e Sele BEB R AGHERCRE BRI orfn o axis IR BRG with the ralle, X
al | ocat ed should Bethot@lthat whitkthefsqhtugediedd Hereia ks daseiiben asHaeingatades) it fadt tRd
provi des suction on the underside of _a board in the work nest to

mai nt ailn t sueetgeahdacdsmpp beany device capableraf slistributingaiolden paste through apsrturss efent
I nvention, sicde snubbers or gripping fingers that hold the circuit board
(or some oftFR&l substrate that is to be printed upon) in place during

the printing Opgr\{%&ﬁtﬁ'ﬂ uﬁﬂyjé?ﬁa}“acl?éjpllo@i&haﬁﬂh‘ﬁ%qag%g r\{géedrﬁ?n Q{‘ﬂ%yg.{%@@ allocated

The operation o € squeégee arm "t he paste _
squeegee hgagich tragk of the dliabiradk Setem. alke vdtGumaminsd providdslsuétivildntht afdetside of
system control software 39 executing on a 20 conputer system 21 coupled to
t he stenci & boaxd i the. warkmgstrtp mepinfein the bpargly rosBiona Ih Riternatgicanhodiments of the
illustrating the control,structure of .t he stenci hi.ne.30 i s, provided.
| one GrbBistrAeRton, sids b b eerine gt Bt ho e ot hoeed (P homa cHiche
froma | oa : & ; ) gelal '
| oader of st e ipRt e FERE In flice during EFARKES obAA G BE ikl plelE of
addi tion, tHee/ag@imh@nit38 receives indications fromthe pick & place nachine
16, indicating 25 whether or not the pick and place machine is available
to recei ve boar dbe pperatiomef he saedegehgrm, the pastecdispeasenthe pivotiog squeegke hepdethe
| oader, stencil ckyéil}%, gi ck an | ; cg (gachi ne and refl ow machi ne
comuni cat SUFaRES IPCSRENRCHTRHFE nB'P b ¥g system control softwarerfexseuting ong
feeds t ' ' |

A %Irﬂg{yfrg{ %&%ﬁfg?@legqﬂg steRB flachild. REEMLEOPUIFRLACE JMBIGIK difgrhfh

the conpute he conputer sys may a récerve

i nputs fromgtiesyg thefcon@6l sthrenny 6f @ stenbill ntxdhing 30 i§ SrovR¥a DA Sne &iodiings, Of
the circuit boards. The conputer system 2l is coupl ed to noveabl e
conponent s cirtuit heards anedoddedanthitheste@almachingfromanloader (natishown). t A safsot BR;

novenment of a_conpQnent, .associ ated %Mhth t,[]%.go onent. is a control device
for cont r0|rpqeh‘{j:sgrppécatlons from the loader of the availability of a board on each of the tracks. In

addition, the sensor 38 receives indications from the pick & place machine 16, indicating

/.

25  whether or not the pick and place machine is available to receive boards from the stenciling
machine on a given track. The loader, stencil machine, pick and place machine and reflow
machine communicate using a SMEMA handshake protocol.

The sensor 38 feeds the status received from the loader and the pick and place machine to
the computer system 21 (Fig. 2). The cbmputer system may also receive inputs from a user of

30 the system, indicating, for example, the size of the circuit boards. The computer system 21 is
coupled to moveable components of the stencil machine. Depending upon the complexity of the

movement of a component, associated with the component is a control device for controlling the



- 8 - operation of an attached notor. The control device is either a ’
conpl ex 8r,ﬁgl,‘udevi ce, such as a M Croprocessor, or gc§hipd6s121 '
programuabl e 1 ogi c devi ce, dependi ng upon the conplexity of the

movenent that must be made by the conpon®nat. The conputer system2 1, -

t hrough the system control software 39, issues control signals to each
of the cgprtdtiohlofas attadhed masor rMelcohtrolaievicelid eitheba cOMplextovatrs] devicensuchldser
39b, squéegee/ paste controller 39c, rail 1 nmotor controller 39d, rail_2

mot or  comicraprpeass@oer ampleTperammably logisiflevise) dapendipg uppr thsremplexdty ofitheach

of these conponents wi ll, be nore thor hl |.bed, | r r &l
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track chogllﬂ%l SIERREE B9, issuclBEMtio Sighhis ko BRY JFehdXodvbHad; subhthbaudh] esmtyolrpe
track is described here, the sane operation 10 occurs at both tracks when

a ci r sui 39a)tackd2 eonttdilet 39, aqieegee/pastaepntotencicenil lamottreantrolierBfd.rad 2 t he
circuit board 12 [s_forwarded into the s Il machi ne .vig copveyor belts,
Such as BomrepBrollsape g iaD wpter fentler 355 The Apepmienod cah SHBeE S prens
position - sL:ower 42 i ncl udes a nunber of
supportsnggé/%ﬁﬁgéuggﬁfﬁaegT%%v%ﬁ%lggeousI y a center support (not
shown) to preRefestngdwovdiaBigo4, 4 gemeral descriptitioaf tile dperiatign bhenestrahaf| thagtencil

process. Wien the circuit 15 board is slid into the Z-tower by conveyor
bel t on wachinewill pawbsipravided, Alfhoughenkyenedrackds described harey,the sangsopgsation

provi de a_gentl.e..d r )G Wl 2 ol d:
P Dbt oty ot ERRitn lcRR T RBart e ol i Hodpe ibled: 20 Hloviiintibl, P
top pl at girddebedkd 1 D& Brvarded int®theetdnsil machink Fex dbAGEYIN RIS IsQBh hcdrvey i belt

space of the Z-tower. The porting plate 43 nay be fornmed from mul tiple

pi eces oftl of dieraid 22, andadaced at Betpsoper pesitomahaveitks Z-tawer 4% cThefedovwerfi?nber of
t 0, th h ich a4 fl [ I tted. F ' th t

o at e 1 GiRTiRes & Lo B A A0bad wRR o el gecb g o Bonter SerRg 0 o

the plat §ho@:’g)% GCRARRRURRGINY of iR diRGAbLAA dfink AR AARINAY H9cdse. Whed!theEipchit

by sinply substituting one of the pieces. Tﬁe apertures of the porting

pl at ejsar domdds slidinesithe @stower by coimatyot belt cloeavhaf thepmils,she eacnfint dystenedhiism i s
directed at |ocations of the circuit board that, wil] center the .
downwar d twned e teprevide nezentie devwnwardimiessisanghe oiscuit board 12 fordolding therdrpuit

PheV! O ehpulin oSN o hnify bl PRt o WP RIS 4380 AETRONE: oGy
the circ L{héh v&%ﬁ&ykt@d@ﬁﬂyaﬁb SpE oS HREidvRE, Thé so@mg?mtté 49 2 RMBER& frb@

board on the z-axi s above the conveyor belt o confact the board
and t he shealtiplel piecEbef gtaimless steslpe other rigitl material, divdsinehslesa aulnbercofapeduleder

paste at a locatign . op the stencjl_ adjacent to a ,pattern gon the stencil.
50 ORte thiweh iiedraipeyds Pritce W%nazﬂe@e SRR PIATE Brom m}lﬁm@pwﬁmﬁcﬁ?ﬁ%ﬂl%s

_ o CRE o oneE R !
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that the downward pressure of the vacuum is directed at locations of the circuit board that will

center the downward pressure of the vacuum on the board.
25 As described previously, a stencil 40, slid into the stencil support 38, remains fixed in
that location until replaced by another stencil.
‘When the circuit board is ready to be stenciled, the Z-tower 42 elevates the board on the
z-axis above the conveyor belt 41 to contact the board and the stencil. The pasté dispenser 34
dispenses a line of solder paste at a location on the stencil adjacent to a pattern on the stencil.
30 Once the solder paste has been placed on the stencil, the pivoting squeegee 32 is stroked across
the stencil in the y-axis direction 27 to displace the solder such that the solder is distributed

through the apertures of the stencil and onto the circuit board. After the y-axis motion of the
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and the Z-tower 42 descends in the z-&« s to its original position. -
When the Z-tower has descended to its original |ocation, the circuit
board wi | §quaggderhas esiplepsintifetvircain buardatenbiting idtoraplatenad thb@ fotWeWAE destendd in
of the stenciling device to the pjck and place machin

Ref er ri ngthegvitibtoptsprignalipesifipn) Whendhpldeat kas desrgnded t%lwérrézuaal éocatign, the

circuit board n I

ceparat o Sregiar Ay Sfhinrost S0 B BoPle Bt b B At S ol Bl W seppiting
present 'gé’ﬁégio%epﬁ:k%ﬂ&‘placéfﬂla'cﬁmEor”Ed by stanping or otherw se form ng
holes in desired | ocations on the stainless steel plate 40a. The outer
edges af the sRafentiegrowteblg. 5, it will bt eppreciateduldtéfithere aze tves tir¢ubtrtioards input on
pol yet hyl ene screen nmounted on a stiff alumnumfranme. It should 10 also
be noted dualtrarllsbiracks: hen theze arg twe separge a@prlkﬁaﬁw%mt@maw ge gn be used,

t hat Th
o e ong 8oy AR T B3] 8 Sl 6 8 Al o
al though {hRS fn 8isived Fcatisns Givthy 3fathl&3GReHpatk 408, tTHE ouRs eage%r&messtﬂmekirﬁeer
user. The two stencil patterns nmay either be the sane or different. One

advant age phite ideeoppled &na resilient polyethylenesireert atnted o b istiffaliminuinhfeame. It should
stenciling of both the top and bottomof a circuit board with one 15

st enci 10 also be noted that, qihqrrr@ater@l% sHeheseplagiics. oy etarnasivghydee wod, orshas asteesoc,
are shown tr ers
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track 2 i me¢rudihegwoaidnsil Pattdfis mapdithd; beathesanedr diffﬁﬁhﬁd)ﬁ@&ﬂfaﬁtagé yf ite paédemlv
for separate advancenent of circuit boards al on the tracks.

For exanplievenfign & thatigaliowys fos the senciling of hothyihs rt‘éB andobptiom af 2 eirerithaardiwish one
are shg%vn g c respective tracks A and B. The rel ative operational

posi ti eI“{I‘ne board shown in Figs. 6a-6d are indicated by dashed
boxes and |abe'Iﬁ@‘xQQﬁdﬁﬁrﬁ@er%fcﬁé\ﬁtbd:&ﬁ's?O@B@b&&fmd are@ wﬁhﬁvéﬂ qH€ 11%523
head 32 is shown in 6a positioned in the centér e tmo rac n

t he enbodlmunngrmmnon As mentibherbpreGimusig, the hﬁcﬁit boasds lie ohe baiveglotheltsox 55
in Fig. 6 is forned as,_one unit spanni ng_ bot tracks. The Z-tower is
rai sed in srlﬁeuadla&ﬂsermwé\?épnwehbﬂr ma@ bﬁmlg of githgr fakrire rubbenior Reimidar bot h

Separat o JReBtiE: THRyMEGRR, e RN 18RRIl 52 RAEPF Mt thoiling Hajis 26
enbodi %”taddrBMe(‘elﬁcﬁ Sweal S§aeRel¢ o Bow! 'f§r éégﬁgte zﬁdbﬁnc%ﬁﬁ‘eﬂ@éﬂ ciftlit %hfag a}ofng

process begi ns by identifyihg which track to begin printing
there are thetdadax ds in the stenC|I printer, it will accept a board
froma board Ioader (n?t shown) I_pl ed to each track, and nove

For example refemng now to ig. 6a, two boards, board A1 and board B1 are shown on

respective tracks A and B. The relative operational positions of the board shown in Figs. 6a-6d
are indicated by dashed boxes and labeled position 1, position 2 and position 3. The squeegee

25 head 32 is shown in Fig. 6a positioned in the center of the two tracks. In the embodiment shown
in Figs. 6a-6d, the Z tower, denoted by box 55 in Fig. 6 is formed as one unit spanning both
tracks. The Z-tower is raised in the z-axis whenever stenciling needs to be done on either or both -
of the tracks. In alternative embodiments of the present invention, a separate Z-tower may be
provided for each track. o

30 In one embodiment in which the squeegee arm 35 is used, the stencil printing process
begins by identifying which track to begin printing on. If there are no boards in the stencil

printer, it will accept a board from a board loader (not shown), coupled to each track, and move




- 10- both boards Al and B 1 to position 1 i'n theé track as shown in
Fig. 6a. If the |oader on track A has a second board agg,yg?@(og 21t hen -
the printWP AR convey the board Al on the first track to k 2.
Once board-Al has noved to position 2, pngcessing can begin on board Al .--As
descri bed previously with respect to Fig. 4, the processing begins by
el evatin [ s ' r ' izt h
the. ot endPfRaRILL B B piifor ChPthcisck 8 MdbBn 128!, M 16a2cf G raal At
squeegee akeamhdIdanl Dafablhshen theipsintar ovill zopesyi the board d} lawethie first tragk to gdsition a
position _adjacent to rai] 22., \Wile board Al |is, el evated off the,
conveyor 2béncp bgars 41 hgs mevedfoResitien 2 Brosesing G3a begin on boapks 1+ As deserihedng

st on PREARR kB a8 o SIE o shemRbedt oo Sl RARS Ay Mol bk Z26RF

board A2 ylihg BEME Alintd Soritat withahe Stencil. Solder is distrButddh BAaRl AWy thiveRidgd

cycle, solder is printed on board A2. As described above, the Z- _tower
wi |1 el evb syusegeecheAd 32 elopgithsyy-axisifromva position adja¢enhta 1ad 24tte agobitiofTadjacent to
squeegee

h Wil 1 f t h it dj t il 2
RGO L N TN R SRR R U F R
process. \Q{éﬁ i %ﬂﬁ{l?%ﬁ'b@grdoil Bé%i&ﬂ%ﬁ%tnl{jé%éto%ve? WAl AbRAnd RRPBShrdla 17N %ﬁi&

noved 15 rom pos on 3 tothe pic ace machine as the pic
pl ace nmaabsta thecaivegorhedi dfatack A. Board Al will mbve @wpositioadi andrtoantha? evill meove
Z-tower is one unit spanning both tracks, board Bl is precl uded from
advand@ngaiositiend- t rack B during the period of time that board A2 is

el evat ed by the , Z- . oul: v j n st.enci |, posik tion
on"the B t1 ackPBEERE LR e0e, SiderighifiefSn FEYIAL "AEaRtER 4ptEike 20
i's desi gngdet ilbelevdtt Boaaus] t WingGemto oMtadiRathiSe §teficil. STRRuéhee Biosb31 Will

ot her enbodi nents descri bed herei nafter% this may cause undesirabl e contact

bet ween traverserong therpositionradjagentite rasl 22 back to the position| adjasantetoretl 2ddo complete
there is separate Z-t r for each track, e advangcenent, of board B
1 "E6%t he B BRBRNE Hpofs HiFing psRE bl A2 & SR IR foay be proved
advan e bk i s N2 f |k LN
Ehe. oy S ritemosition 3 5 UROGck bROplate mAthiAea Be btk aad plick Tndohirkbeddtiey diallabieT

Z-tower is | owarackmisaiimentBviiererthe Zrtowapiedhnd wtitspamsing both t2ack#tboard Bl is

approximately that tinme, board A2 be .noved into position 3.
During t h@eelyérfbgewaadegmn?ﬂgn&%%@@an thegrepied iof flaw that hegrdyvd iselevatedly

noved i nt B} PGStk AR kit o1 I I .

or ef er roctig Fsisyent Hed B couid 3t gtinfitero FB1iph Bn WD AR BSrorq el A2 55
55 to |if tlebaied,hoBEver inlesithe syseey dv ddsitined tdsiafulta@dubly pachesdsm boardas is the
position 1 as shown in Figure The above sequence of events

; 6d. : : .
wi || e38ecease ferntherrmhesimenss described boreinaften) thinmay gause undesirablelcaptaet batwesne
| oader . Hﬁx"é'es‘{&rcil ain& biogrd@lssi ble that during the print process problens wll
occur )

In an embodiment where there is a separate Z-tower for each track, the advancement of
board B1 to the stenciling position may be performed at any time during the advancement or
stenciling of the A2 board. Suffice it to say that, in the example shown in Fig. 6d, when board

25 A2 has been processed and the Z-tower is lowered, board B1 may be moved into position 2. At
approximately that time, board A2 may be moved into position 3.

During the cycle that board B1 has moved into position 2 and board A2 has moved into
position 3, board B2 may remain in the loader. In a preferred embodiment, after board B1 has
been raised by the Z tower 55 to lift board B1 off the conveyor belt, board B2 is advance to

30 position 1 as shown in Figure 6d.
The above sequence of events will execute continuously provided there are boards

available in the loader. However, it is possible that during the print process problems will occur



with one Wo 9®T810f the conponents of the circuit board maRGFYSI¥BIH
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accordingly. For _exa . ' Lh 1 . n '
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tracks. ThReSdsdsot HRftate thrdtsh enivhvaitbiemtans (it Ehesn), tat theas Btal secom bdake
movenent of the squeegee for single track printing to . elimnate the
squeegee vizitingy thet systesrtcanizst seftware indigsigstadoader gmpsy situstion forghe corespendivar d

[ posij ti oned.
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rachi ne. A Eeek PR, (AR ookl Rk I RO otk THE sTHERGRMID!
for pid NtsoftGrattdiesmolifRE the chertionRf the moveniums bf iherqaseged forsitipte trickokimingitbe
pick and place machine. The pick and place machine and the . stencil
machi ne climivate thet wuesden eingistrakerhenes sisnet pattsrnsoader which nigycirchis beardfiace
Mount ui pment Manufacturing Association (SMEMA). |If the pick and

pl ace nmadtHONEHdi cates to the stenciling machine that there is no
open position @f yhRats tlcfcﬁfeki’inﬁeﬁ 6121 oA Q' thARER] fe 1b&Mer MdEOHLS thgtoanoﬂﬁ‘ﬁgi)&ﬂ is
detects this as a placenent track down situation, and resorts to single
track prigvhilatle €t processihfj on tlidwatnettraak keontrol software execufing i the s@a6il friadhink avill
single track node, the stencil printer control software exam nes status

i nf or nét | nt allewdhe/beprd inopesitien | angedo pesipri der printingyudess phese isifncapen
exists on the other track. . Lf i,t,does,,the.control .software.

it or pr otESSHRPLIG® serf fiskief the pick goH AEH Rc RS0 SEE Pirk oA Pise sGine oo the
such as piC thadhidd domiinibABusiag alhAnddhake BAtRYER: fortBy R HUrAke Mfuhyar e
waits in dual track node and proceeds printing on the first track

t hat becoBgiipieptManufacturing Associdfion|(BMBMA).nHltke pick akd piade mathiae stdicutes to the
printer contrgl software ggni,tors the informati on recei ved fromthe
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second selheQfindr'aceonsecutive boards is in position-3, and control software
determ nes (in response to signals received fromthe pick and pl ace

machi ne) that Befars resorethigao simgle track mode, the stencil printer control software examines status

information received from the loader to determine if a backup problem exists on the other track.
If it does, the control software interprets this as a slow down associated with outside influences,

25 such as unavailability of boards. In such an event, the control software waits in dual track mode
and proceeds printing on the first track that becomes free.

While in single track mode, the stencil printer control software monitors the information
received from the loader and from the pick and place machine, and reverts back into dual track
mode when possible. This change back occurs when the squeegee head is located in the center of

30 the stencil.
If the second set of two consecutive boards is in position 3, and control software

determines (in response to signals received from the pick and place machine) that it is unable to
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| oad anot her board into position 1. Rather, the stengj | Vi ews
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manual 10" i bR OENERdoK e L Pt 7 budA secpBa BYBH I i pefioR Ak

bet ween [ RB1eM 18 ove tS tHedlideshd fladeSRRARTE the steﬁcﬁaﬁin?é? RBRES st)gwa}et»bﬁl SR e
system e track is then noved backwards to ve the boar I n position
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rel ati ve Alternahigelyythe somtrad isbftpatetmeanadvakor the fastiboard ta positionf, returfitl: sqneegebe
squeegee head is _centered above the two patterns of the stencil when
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Referring back briefly to Fig. 5, one method of moving the squeegee arm 35 across the
25 stencil will now be described. In one embodiment of the invention, the processing order of the
boards as they are forwarded through the stencil printer is dictated by the location of the
squeegee head relative to the two stencil patterns. For example, as shown in Fig. 5, the squeegee
head is centered above the two patterns of the stencil when it is in its start up or “home” position.
The paste dispenser places two beads of solder paste (or some other similar material) 46a and
30 46b adjacent to each respective pattern on the center portion of the stencil.
During operation, the squeegee head 32 moves, for example, to print on board Al as

described in Fig. 6a, from position A to position B (shown in Fig. 5). As mentioned previously,
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Further, idtotbdeaiskd todprocess boértleAl. paste may drip fromthe blade as it is

noved to position A . Enbodi nents of the present invention are capable
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the boards in the order described above wt
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stencil position, squeegee head 32 wll tilt al ong the y-raxis to nove

the first agdisign, bis undesizabltodiftthebladesnd moverte phsitien Adaincersghigr wguld remain at
position and.to apl e the cond bl ade qf the squeegee head to . stroke the
ot der 1 r asitoB EfaEmEy itndt§ BRteetc A8l non e EESH Srappmsing e atcedy
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Thus, for the above reasons, when using the squeegee arm 35, it is advantageous to
25  process the boards in the order described above with reference to Figures 6a-6d. Using the order
described above, when board A2 is advanced to the stencil position, squeegee head 32 will tilt
along the y-axis to move the first blade of the squeegee head off from the solder-engaging
position and to enable the second blade of the squeegee head to stroke the solder from position B
to position A, in Fig. 5. The solder paste for processing board A1 is located between position A
30 and position A
The squeegee head then lifts the blades and moves from position A, to position A’ on

track B, thereby jumping over solder line 46b and avoiding contact pressure on the center of the

— T e nenns e N g e e . A e R+ 41 ey oo e s e e e s te it seeerwe———— o e
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arm 135 is noveable in the y and z axes. The sol gat her1 ng
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squeegee arm nmoves in t engag ngagi ng

t he squeeiispesingadé gathdfingsalderTar esich btroke across g ﬁtﬁd‘ll@ﬂﬁ péf'fohﬁﬂlc%to@ﬂfd dual One
advant age of using the sol der gathering squeegee armis that the dual
t r ack2&t drack Fﬁeﬁahgf;’ §¥~°é?'ﬁ1 imay ks enhanged bacause poth ©f the girpuisiboads in theavaerk ngst may

descri bed,.

o6 L be s ip WBacks witan eaiving e i cansiping olvation AnAerelevationsof the £
boards wepgepr ocessed on each track before switching to the next track
because of the way in which the sol der paste was di spensed. In the

embodi ment of Fargzalplegreferting newlto Fig. 75 o enisudimentfofarsoldet githerimospeeee arm
bl ade. ﬁn the bl ade 32 has_ pushed the solder to the position prior to
st enci | i ng3d at ARy glterpatively berused “T—‘th stegeiling pystem of Figo 2vismshawmat Thersoldesar d B

1 may zpe él\%trmg ﬁ'ée%ge Qrm P45 oper':pttrasl @ bo%gdxispeenseAgolQer an% retrieve excess solder in each

stroke. The solder gathering squeegee arm 135 is moveable in the y and z axes. The solder

gathering squeegee arm moves in the y axis to traverse from the front of the stenciling machine
to the rear of the stenciling machine (and visa versa) to stroke solder across the stencils and onto
the circuit boards in the work nest of the stenciling machine. The solder gathering squeegee arm
30 135 also moves in the z axis for engaging and disengaging the squeegee blades 146 and 152 with
the surface of the stencil. One advantage of using the solder gathering squeegee arm is that the

dual track stenciling system is not limited to processing circuit boards as described in Figs. 6a-6d
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the boss 114 is a z-axis control beam 122. The z-axi s control beamis
moveabl e i strakiieg opezstion, thervepingsauesase Jf is ysed iemere pragss ¥0l¢as paste inta pisolder
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rotor 36, BoReraiediaN 17 i Eereutabtes BE ARberhed BRe G0N SavsPise e e RS
135 during Ididn Bt RS tdgRB 144, is made preferfbl§VUrdRflod 'R rbfldcdiBRI 124
S attacheﬁ%?egﬁg%nggheéémﬂgﬁgtongeand rl(s)(xjnapglm;e %40§and 122, ! llé}nd a@d
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25 surface of the stencil. As will be seen below in the description of the operation of the solder

-

gathering squeegee arm, the distributing squeegee primarily acts to retain solder between the
blades, and is not a necessary element of the solder gathering squeegee arm.
The carriage 112 is coupled to a boss, 114, to which includes a slot which adjustably
receives an arm 118. The arm 118 is probelled by the squeegee motor 33 (Fig. 2). The squeegee
30 motor controls the advancement of the arm 118, and consequently the solder gathering squeegee
head 135 in the y axis direction. Also coupled to the boss 114 is a z-axis control beam 122. The

z-axis control beam is moveable in the z-axis direction. As will be described in more detail
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the board is retained in the sol der head, "rather than belng di sposed on the

25  purposes of clarity) has deposited solder paste between the wiping squeegee 146 and distributing

squeegee 144. The pistons 142 and the cylinders 140 are extended to maintain the solder
gathering head 124 away from the squeegees 146 and 144. The squeegee motor 33 (Fig. 2) is
actuated to cause the carriage 112, and consequently the squeegee 146 to move across the stencil
S, dispersing solder onto the circuit board.

30 In Fig. 8B, at the end of the stroke when one circuit board has been processed, rod 136 is
moved by the squeegee motor to move the frame member 130 towards the carriage 112. In

addition, the piston and rod arrangement 140 and 142 move the top of the frame member 132

O nNobve across
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position, in another enbodi nent, the sol der gathering squeegee arm may also
be 180  9A boards Al on track A and Al on track B are moved into position 1. At this point the solder

25 gathering squeegee arm 135 is positioned at the rear of the stenciling machine, adjacent to board
Bl. InFig. 9B boards Al and B are moved to the position two; i.e., to the working nest, of the
dual track stenciling system. At or about this time boards B2 and A2 are moved into position 1.
Once boards Bl and Al are in position 2, the process of dispensing solder paste on the stencil,
and consequently on the circuit board, begins. The squeegee arm is lowered to engage the stencil

30 and solder paste is dispensed between the squéegee blades 146 and 144. During the first stroking
motion the solder gathering squeegee arm 135 advances from the position as shown in Fig. 9B

to that position shown in Fig. 9C, where it is located between the two boards. At this point,
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squeegee head is rotatable to allow for stenciling to occur in either y axis direction, thus

25 increasing the variety of processing methods available in the dual track stenciling system.

Referring now to Figs. 10A-10C, a number of embodiments of a solder dispensing head

that may be used in the stenciling machine of Fig. 2 are shown. The solder dispensing head 310
of Fig. 10A is described in detail in PCT Patent Application Publication No. W0 96/20088
entitled METHOD AND APPARATUS FOR DISPENSING VISCOUS MATERIAL, filed

30 December 21, 1995 by Ford Motor Company Limited, and incorporated herein by reference.

The solder dispensing head 310 operates generally as follows.

The solder dispensing head 310 may be formed from metal such as iron, stainless steel or



subst ant i WQ $8/A7M1f or m openi ng 315 that is defined by a conﬁFgéUsSlgtg(rllsl ead cap

320. The ... conpressi-on head cap 320 isl9erned fromconti guous walls -
whi ch define the volume 312 of 15 solder within the sol der dispensing head
310. The g@EPmaksaPsitBRIoLaR vARDpiEBsaried Sisédi8material sucH dsaoyded paster Thelsdldem
separate el enments and is designed to contact a stencil to provide a

uni f or m adispensingthead 340 inclides somsurfase 3il t ko whisharsytingahousing (pot showad

cont act . . ) Thus, . the sold flows ipto the,c ressi Qqn head cap
320 aft er CHURANINFR YIFOUS maé‘?ff%F“Ch as soWeh RS mSY_[ge aitachgd. ggg ﬁﬁéﬂnﬁﬁ’é’ﬁﬁﬁg thg

e t 1 ow SFiHes GpBRIPEARS 01861580 Rechdthsic) 16kl SOB doRiBad el
head cap ?e%goﬁélelcib u%ﬁsm%% Mt shoWR The BreSsidé@ Souée RAY opéteA&ehakicaily,

defines generally the rect angul ar openi ng 315. In ohe enbodi nent’, the
bl ades ar elettricailporhydrautiedlly tometer girtiviscous material frainsthe sytingeshousing oaother
stainless steel. The bl ades 318 advant agequsly, operate _to shear off
the sol deFeseBivitadnaAGtORPISHBIRHE PrefFyrh Y o6 s ey 4o 89{%@1&&1@338 soldernhen
t he apparatys..i ' | id . The bl ades
are rigi dnbag 1%%18?12%r{ggﬁgg\?{aakgggg%rgg@;%stﬁgsﬁﬁ%ﬁ%gbgﬁ%ﬁé%ﬂﬁ sheari ng of
the sol der mat eThedaperéd entefiéh caring 313 ichilesdidfusére 328, Thediffisers 325 and she tapered
such as pol yurethane to avoid danage to the stencil during operation.
Bl ades1®B18hapecdf the interiprgavityp3 st ty dowaats of pragespiomed mee@?dem thrpugh the interior
conpr essi on he 320. .. . . . The. conpressi on, head c 320
provi des é’aﬁ%?&'ﬁ@ge tapered SHeRgTcayy 313 teapi %ﬁ s gggxﬁﬁﬁmrec%gg\?lﬁ%e)g&% Wdfng
of the pr | 4 e | | i
sol der is%ﬁ%é g?‘ﬁ%ﬁ%ﬁ%&%’% on r?xﬁ?ﬂ%é&??ag?ﬂa%?&f‘ep e p?i Arrlltd eng%lrrégtrtllgd E@g?d.
Thus, t he sabdtaigtiallgtivmpfermiopenihg 8l5 &ib0is defined by e ¢onipreséion head/ep\326i Jhespeed
printing capabiljty while_ maintaining print defipit'hpn and reducing
-20 - coppeessioariead FaR> 418 fermedEom eRrtigieRs wallyw i dabine Hiesraturnpdi2 p§
wast ed, durj : I ' Ty | hed
envi 1 oo SFEERGHde BepalEiRad 310, e MrrBlsfithiZab 326 iy B8Rk
rect angul ainipesd fotmed frbMsepfrart elaneras a8 designedaBROSAGH Diteritil to iprdvddé & ough
a plurality of openings in the stencil to occur sinultaneously. The
conpr essi omifesrdind spbsauially fiush yaipnvityreserailat thacpeinaficantacty shape so that
Dur i my ¢ he. ot enCiE G SBISBE 2P o A58 drinairssioh e i 420 s <X efe feBini ng
force the Srmbsr PrEbil stiRLAUSRRLAgIoM 310 b6 ticdonhttiberl o TR o, ©
Ci r cui 20 bocunthihehddiresttheflowdf solder iatorthe stehdib As shoovrd in Hdgr 102g tHdcommressimant
of the solder dis ensiqnfg head, fhe pressure source acts _on the syrin

s
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to direct thcp@obiegg@uaqtmdlmmtg@qiwithimt@ ¢amnpression head cap 320 when the apparatus is

25 horizontally disposed across the stencil. The blades are rigid and angled to advantageously

achieve a smooth shearing of the solder material. The end caps are formed from a flexible
surface such as polyurethane to avoid damage to the stencil during operation. Blades 318 and
end cap 180 are each fixably mounted to the compression head cap 320.
The compression head cap 320 provides a contained environment to direct and to aid in
30 the extruding of the pressurized solder through openings in the stencil. The extruded solder is
then deposited on the pattern of the printed wiring board. Thus, the solder dispensing head 310 .

provides for a very high speed printing capability while maintaining print definition and reducing
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el ast ghetlength of the sigenitlpned,shersnidersizspensing bead TP revrrsesdts dintgéorandecombinistbie
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25  narrower than the width of the circuit board being processed. Accordingly, multiple passes of
the solder dispensing head 310 are often undertaken to stencil the entire circuit board. However,
like the solder gathering head embodiment described with regards to Figs. 7 and 8, the solder
paste is retained within the solder dispensing head, and thus the stenciling machine is free to
process circuit boards in any desired order.

30 Referring now to Fig. 10B a second embodiment of a solder dispensing head 350 for usc
in the stenciling machine 2 is shown. The solder dispensing head 350 of Fig. 10B is described in

detail in U.S. Patent Application 4,622,239 by Schoenthaler et al., incorporated herein by
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25 A viscous joining material such as a solder paste is admitted into the housing 360 below
the piston 370 via a hollow manifold 380 attached to one of the side walls 362 of the housing.
The manifolds has a cavity 382 sealed by way of a plate 383. At the center of the manifold 380
is an inlet 384 in communication with the cavity 382 to allow the solder paste to be admitted into
the cavity at relatively high pressure. A plurality of spaced apertures are provided in the plate
30 383 so to extend through the one side wall 362 of the housing 360 to allow solder paste to be
admitted from the cavity 382 to enter the housing 360. The advantage of directing the viscous

solder paste through the cavity 382 and into the spaced, progressively larger size apertures is



20 Accordingly, a second enbodi ment of the solder dispensing head is
provi ded W83k HaesS fluid pressure upon a piston to exuessssesizder

through a screen and onto a circuit board. Like the enbodi ment of Fig.
10A, multiple passes of the sol der di spér@i‘ng head 310 are often undertaken
to stencil the entire circuit board. |In addition, |ike the_sol der gat he&i ng
head enbdhbatthepressure deppswhich isexperienced by thesoldst pasipdurng:itsifienk iseompapgated for

sol der pgste iLs retained w.thi I | '

he. ot enddl PRiErESIE o seriotal v B B8 s b anfidhy PloBBSPRRTpciEhihe ARelpuF
order. Sigg E?érﬂl?es? qh e85 whySie @smeg%d@.&a&eﬁ@qﬂ_rs%@i@m thB®oasthe 860 Bérehilitht he
head, there 1s no need for the procéssing steps described with regard
to Fig. G6gistod 370 withoexwdds exbubblese Talihsuod thatthe paste i admitted indmhanisirg 360 bedow
t he head. . Referring nowto Fig. 10C, a third enbodi ment of  .a
sol der 5di thp pistam3yOn siaas 0t Sk, mayse nrméldgg pa erherisidscd she epdiwalls tapsevsnt theg.

Soed o ' Sl . ; b
8. 1006 bsie e ieseending bk the ARG th BRe SRGGRMEEEY syip heater 3OF udse 02TV
the hetPlofie tdHhe RRIBSAID3 62 BFp RS tiisHeatiich ASuh® the Wianifblues 8d s peasthag

head 428 of Fig. 10C includes a )
- 23- solderus adigst4ad dontrolthe siscedityrofaolder pasteniAacontiteglisoldey paste,ovkichbl e

menber 440 therein. usi ng, 434 has an inlet 442 connected tQ receive

sol der paBerenallythgs {ah&?’aﬁm@' t@é@%wﬁaﬁlsefﬁ@mog very gi&ighlhgan bg hepted fo.a
bott om of .th i L:

Fousi 1 485 Sp SRR lestFt dRRLBE. SARE e AR SoldC MRl A BRuch e
447 that stencil'SpeRfnpSAl oHitd theGATARCHS e Eibcuit R at) BRY paSte dodbeatding R vi$cR8iey hnd
In fact, each of the bl ades 447 "scrapes up" the solder renaining on

t he st enctdckinesstdfdhe sdldergo refumdodbeedgnaldevtds: (whi ch can  * harden over

tinme) left of the stencil. sing 434 is noved in the direction of arrow
452 and the D“F’&S&Pﬁﬁ‘@nﬁg%%‘?m 15 MYLaAERYSH 6?“?‘&&@9 iaE&‘SFa‘F‘SE‘éHq %n

455. I n one ' ol : r 44 i ee
motor 33 PRogriay okl difelleBfh he isBRIE, THE Ruldorb Qi Ahind e BAR0T
over the dbeesdims hontny 56D, MedebyHorisPihdQolder useyGiit Mgroligtathe4R3 385 afd into the

i ncl udes a tenperature controller 449 for adjusting the tenperature and
thus the wrakingiatep 36# abhee theisteacil. The pladessd 70Hotcampiasta vathin the regipnintp the
menber 440 within iqhe chgnber 436 eates a | pad on rrerg)er 4f4f0.that .
forces th®PeRingeef the stsacik o prinidee e opigdhs Figpusthpards. Once a sufficigny quapjity

oper &t i onorbliie BROMLy hinldoCel ) L8y IS GULENILNCAL, RIASS rddReah v

as the 15 enperatu e 'sol der pas bn-or
control tRemihse the Espendingiof eespabté, of t he sol der paste at opening 444
and thus control the application of solder paste through the stencil.

Dur i ng2oper at i ofgeosdihglgy a secondembpditrient ofithe sdlderskispeng6g heardlis phevidest thet uses of
t he nmenber _ . 440 urges ,the sol der oyt of s|ot 444 onto the stencil. .Th
sol der di SidPreTErRuRRN ARISIPR thexpEess solﬁerptﬁng SareER 264 PRiG; GHOR SOt Idk%ﬁﬁ
the stencil . 0. t icht: S : Y tE L[ G W]

1 S5 bR P EASRERPbaSLE e bl MO
provi ded ttdatencil the dfiti¥e kGt Bvard!) 3@ dddition, Nike Sheidlder iphthefIRE Réddembdduaéntat ed

in Fig. 2. The sol der dispensing heads
_ described with regards to Figs. 7 and 8A-8C, the solder paste is retained within the solder

25 dispensing head, and thus the stenciling machine is free to process circuit boards in any desired
order. Since the solder dispensing head 350 retains the solder within the head, there is no need
for the processing steps described with regard to Fig. 6a-6d to be executed since all of the paces
contained within the head.

Referring now to Fig. 10C, a third embodiment of a solder dispensing head as shown.

30 The solder dispensing head 428 of Fig. 10C is described in U.S. Patent Application 08/598,288

filed February 8, 1996 by Freeman et al. and incorporated herein by reference. In general, the

solder dispensing head 428 operates as follows. The dispensing head 428 of Fig. 10C includes a
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conveyor be?ts system as
25  although they may require multiple passes over each of the circuit boards, do not require the

retrieving steps of gathering the solder as is used in the solder gathering head apparatus.
However, depending on the availability of components and the desired processing time, any of
the solder gathering or dispensing mechanisms that have been described herein may. alternatively
be used in the stencil mechanism stencil machine and accordingly the invention should not be
30 limited to any particular embodiment.
Accordingly, a flexible dual track stenciling system has been described that utilizes either

a solder gathering squeegee head or a variety of solder dispensing heads to ensure that there is no
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rail 22 and the second rail 24. Fig shows the dual rail system of Fig.
11 motors 66 and 68 that control the advancement of the conveyor belts of the dual track system, as

described previously with respect to Fig. 4.
25 As mentioned above, in one embodiment of the invention, the first rail is fixed.
Apertures 69 provide alternative fixed placement locations for the first rail.

In the embodiment shown in Figure 11, the rails may be adjusted to handle boards
ranging in size from 2” x 2” to 20” x 10” in dual track mode. The system further provides the
additional flexibility of being able to operate on larger boards in single track mode. Single track

30 mode may be achieved, as shown in Figure 12, by moving the rails of the track that are not in use
towards the rear support plate 73. Rails 3 and 4 are moved to be adjacent to one another, and in

this position will not receive incoming boards. Rail 2 is moved adjacent to Rail 3, and will be
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25 Fig. 11 with the rails positioned in a single track mode with a single worknest 154 positioned
between the first rail 22 and the sécond rail 24. Fig. 14 shows the dual rail system of Fig. 11
. with two worknests 150 and 152. Worknest 150 is positioned between the first rail 22 and the
second rail 24, and worknest 152 is positioned between the third rail 26 and the fourth rail 28.
Fig. 15 shows a flow diagram of the reset/reboot process 200. The rails in Figs. 14 and 15 can
30 move in a direction towards the + sign (defined as the positive direction) and can move in a

direction towards the - sign (defined as the negative direction).

As shown in Figs. 13 and 14, each of the second, third and fourth rails has a home sensor
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If home sensor 158 is in the “closed” position at step 208, then rail 3 is in the position
shown in Fig. 14, and the system is configured for dual track mode. The process then proceeds
in step 212 to determine the true locations of rails 2 and 3 by detecting the front edges of flags A
30 and B and then positioning the rails according to default dual track mode settings stored in the
computer system.

The automated reset/reboot process described above offers the advantage of automatically
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second set of rails. Pallets are passed from the first set of rails to the second set of rails using a
shuttle device 101. The shuttle device receives pallets after printing has occurred from the first
25 set of rails and transports the pallets to the second set of rails. In Fig. 17, the shuttle device is
shown in the position to receive a pallet from track A. After receiving a pallet, the shuttle device
moves the pallet in the direction of the arrow to provide the pallet to track B.
To accommodate the above-described recirculating rail system, the work nest 55 is
altered so that it works only on boards on track A and not on track B. Thus, during operation,
30 when a board such as board A2 is raised in the work nest on the Z-tower, board A1 may still
travel unaffected on track B, and return to the loaderfunloader 92.

Referring now to Fig. 18, another embodiment of the invention is shown. In the fifth
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of the appen
The squeegee is positioned at point A and applies the solder paste over the stencil in a manner as

described above, thereby printing both boards. The boards are then retrieved by the
loader/unloader.

25 The mechanical fixturing device 112 of Figure 19 may also be used in the embodiments
of the present invention that are designed to receive material on one side of the stencil machine
and deliver material on another side of the stencil machine to, for example, a pick and place
machine, thereby increasing throughput of the stencil machine. In this situation, the pick and
place machine should be configured to receive and operate on two boards simultaneously to

30 maximize throughput.

Multiple embodiments of a dual track system have been described to show the flexibility

and potential of such a system to many different circuit board manufacturing requirements. ‘[t
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gat hering “head | ative to,sald stencil, said squeegee_notor also for
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The sol der egodimem of theinveptiongthgrailscasiths dupl trecks ase moyeabliter allow Saithe processing
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provided by other vendors and varying Printed Circuit Board (PCB) sizes. Further, the use of

moveable rails allows the stenciling machine to be converted for operation in single track mode
20 when desired. The dual track rails may alternatively be shortened, to accommodate existing
equipment in the circuit board manufacturing process. In addition, it has been shown how the
throughput for handling delicate materials may be accomplished. Finally, an apparatus that
provides high throughput by allowing for printing on both rails has also been described.
Although embodiments of the invention have been described primarily with respect to
25 stencil machines that print solder paste on circuit boards, the embodiments present invention is
not limited to solder paste printers, but may be used in other printers for printing materials such
as glues and inks on substrates other than circuit boards.
Having described a preferred embodiment of the invention, it will now become apparent
to one of skill in the art that other embodiments incorporating its concepts may be used. It is felt,
30 therefore, that this invention should not be limited to the disclosed embodiment, but rather
should be limited only by the spirit and scope of the appended claims.

What is claimed is;
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3. The solder gathering squeegee arm according to claim 2, wherein solder paste is disposed
20 between said at least one blade and said pivoting solder gathering head, further comprising:

a squeegee motor, for moving said second rod to pivot said pivoting solder gathering
head relative to said stencil, said squeegee motor also for moving said first rod to advance said
pivoting solder gathering head towards said carriage; wherein said advancement of said pivoting
solder gathering head towards said carriage pushes said solder paste towards said at least one

25 blade to allow it to be raised off of said stencil and retained in said pivoting solder gathering
head.

4, The solder gathering squeegee arm according to claim 3, wherein said squeegee motor is
controlled by software.

30
5. The solder gathering squeegee arm according to claim 2, further comprising a paste

dispensing unit, disposed within said carriage and extending towards said at least one blade, for
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onto said second one of said patr of circuit boards.

20 7. The method according to claim 6, wherein said solder dispensing mechanism comprises a
carriage, disposed above said two tracks for traversing across said tracks, said carriage including
at Jeast one blade coupled orthogonally to said carriage to engage said stencil during said
advancing steps, said carriage also in_cluding a solder gathering head coupled to said carriage via
an advancement rod and a pivoting rod, said solder gathering head including a pivoting member

25 coupled to a shovel device, the step of removing excess solder from said stencil further
comprises the steps of:

advancing said pivoting rod towards said carriage to cause said solder gathering head to
pivot relative to said stencil;
advancing said advancement rod towards said carriage to cause said shovel of said solder
30 gathering head to be propelled along said screen towards said at lcast onc blade, said shovel

gathering said solder as a result of said advancement of said advancement rod.
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A e s i s T AT
sai d sol denmprespentypebeateongprisiny t hr ough said stencil and
an enclosure defining a tapered interior cavity, said tapered interior cavity having a first
10 end coupled to receive a viscous material and a second end defining a rectangular channel
through which said viscous material is extruded during operation; and
a compression head, coupled to said second end of said enclosure and including a pair of
blades extending from said second end of said enclosure towards a rectangular opening of said
solder dispensing head, said compression head also including a pair of end caps, each of said end
15 caps coupled to a respective one of said blades and defining an outermost tip of said solder
dispensing head, and wherein said viscous material is extruded through said rectangular channel
of said enclosure into a volume defined between said pair of blades and onto said stencil when

said end caps contact said stencil, and wherein said blades shear off excess viscous material from

said stencil.
20
10.  The stenciling system according to claim 8, wherein said solder dispensing head
comprises:
a housing comprising by a plurality of paralle] spaced sidewalls;
a plurality of bottom walls, extending from inwardly from said lower edge of said

25 plurality of spaced sidewalls to provide a gapped opening;
. apiston, slidably mounted within said housing; and
a manifold, coupled to said housing below said piston, for providing a viscous material to
an interjor of said housing, wherein during operation of said stenciling machine, pressure on said
piston urges said piston downward within said housing causing said viscous material to be

30 expelled through said gapped opening of said housing.

11. The stenciling system according to claim 8, wherein said solder dispensing head
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into szuci1 tﬂongatted chamsber ané gx(l:%éjnntl)é) f‘orq:lehvermg solder paste to a stencil;

a rotdtable member extending through said elongated chamber of said housing; and
means for rotating said rotatable member to cause said solder within said elongated

chamber to be expelled from said opening onto said stencil.

12. A method for processing circuit boards in a stenciling system having two tracks, each
track having a loader for accepting circuit boards and advancing said boards to like positions
within said tracks, said stenciling system comprising a solder dispensing mechanism, for
dispensing solder on a stencil disposed one said tracks said method comprising the steps of:
' a). receiving at least one boards on one of said tracks;

b). engagi_rig said at least one board, said stencil and said solder dispensing mechanism;

c). passing said solder dispensing mechanism over said at least one board such that solder
is extruded through an opening of said solder dispensing mechanism, through said stencil and
onto said circuit board, said opening having an associated width; and

d). repeating said step of passing until said width of said opening has traversed over all of
a pattern on said stencil associated with said at least one circuit board to stencil all of said at least

one circuit board.

13.  The method according to claim 12, wherein said steps of a-d are performed on either one

of said two tracks of said stenciling system at any time during operation of said stenciling

system.
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