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MEASURI NG 5 : THE HElI GHT OF -A SUBSTRATE | N A DI SPENSI NG
SYSTEM Field of the Invention
The present invention relates generally to a nethod and apparatus for
measuring the hei ght of a substrate, and nore particularly, to a
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LOT. In a typical dispensing system a punp and di spenser

assenbly is nounted to a noving _. a,sser}tzly for noving the punp and
121SCUSSIe N0 he Meln

di spenser assenbly al ong three midSeH st Ed Aes 25 (x, vy, 2), :
typi cal,ky using \, ' ed..by a.co ter s em or controller.
To IISdi spensgﬁg{e(fg? E%}Ffélrl |§y gggférgéxjaargﬁhpgmstn ng%negtusgcfgnég}srpg@pmg)@gﬁr ,
the punp agflotts BENGEIH R PERERINA variety dfSapBRYSba! il

axes until it is I_oga}t ed%gs\}er l‘t hveanggsi rgggl og)a??i ?r?lgs#ﬂga%ﬁ%&&pﬁ% éar%dﬁgéinmy
di spenser efsprinted gir¢uit bdneds dranegmttdadimniy chips, whetelrcdispehsiigiriadhities lard ied for

nozzle is at an. . . o . .. .
encapsulating integrated circuits and/or for underfilling flip integrated circuit chips. Prior art

dispensing systems are also used for disﬁensing dots or balls of liquid epoxy or solder onto
20 circuit boards. The liquid epoxy or solder is used to connect components to the circuit boards.
The dispensing systems described above include those manufactured and distributed by Camelot
Systems Inc., the assignee of the present invention, under the name CAM/A LOT®.
In a typical dispensing system, a pump and dispenser assembly is mounted to a moving
assembly for moving the pump and dispenser assembly along three mutually orthogonal axes
25 (x,Y, 2), typically using servo motors controlled by a computer system or controller. To
dispense a dot of liquid on a circuit board at a desired location, the immp and dispenser assembly
is moved along the horizontal x and y axes until it is located over the desired location. The pump
and dispenser assembly is then lowered along the vertical z-axis until the nozzle is at an
appropriate height over the board. The pump and dispenser assembly dispenses a dot of liquid, is
30 then raised along the z-axis, moved along the x and y axes to a next desired location, and lowered
along the vertical z-axis to dispense a next liquid dot.
In these dispensing systems, it is critical that the distance between the dispensing nozzle
and the circuit board be carefully maintained to ensure that the dot of material is properly

dispensed onto the circuit board. Although the absolute location of the nozzle can be precisely



appropri at | over the board. The punp and di spenser assenil . .
di spenses gwgo 047 liquid, is 30 then raised along the z_ang{Usﬁ%{’Fé&z al ong
the x and-y axXxes to a next desired |ocation, and | owered al ong the
vertical z-axis to dispense a next liquid dér. In these

di spensi ng syst?ms, it is critical that the distance between the dispensing
nozzl e cophpliedhy thersemiormeigss andishe eenteoilar, the zraxis pasitioniat which thermzzleanust be

t he dot of | | ]y di spensed.qnto, the . .circuit board. . .
A though t HSCHELseif BE BREISe Yistanpe a5y 85 GREIBoRR! 15 VBl epal ol Vahationggn
I?>8C{I' ;’: ngg/ Ozhfégzht a.mong c-if'cuit-lnoards that are to receive the dispensed material. Thus, the proper 5-_axis
control | ed dispenbiag pesition obthermozziadort dre cirouit bodrtenay Hd1de 2qat its the@sder @axat
whi ch the ngzzl e nust | ocated to obtain the precise distance above

...be C . .
the circui tUEREAPAE PSSR of fedogale dorstsesond giFquitihosrds Fusther, in addidomyterthenedeing

circuit bo : | i spensed.material. Thus, .the proper
s oA Bl hoh ERLHENR, He DB R T b Bl P g
not be equalrepwlatities such PRt tie HRXGIR of a Bir6liiSPRRE i fRRAE At @B 1Q%htibh 8n BRZZ Rl OF
a second circuit board. Further, in addition to there being

vari ati ons §odrdiBpg ks ahanethesilocatipn on theraiesuitbhardupper surface of each

circuit board X . irregularities.such that the height of a
circuit board {T?%cﬂ%? ﬁ’_r%ﬁdé‘?e% f}'&%&:’ia&ﬂ“%‘rf’rf’ % 1RGORQypigd into %ICW%P‘% han
it is afpanfijenserla®éealitlP s QE.bdtth;oEi'tiBH telnd22R e the desired distance abble £ @ﬁgﬁﬁb&d}d.
art dispensing system a touch probe, incorporated Into the punp an

di spenser &Beanidh/probs 206t nbw heaksdrited witterefedeeo Algst he, Heand 0, Whish 3hew
above a cirguit anrd. . The touch probe 20 will now be described with
ref erence t8 (UG8 Prqbg 201disnosed avsr agiicets baard 0. Each pfiBigs.oldsH ByanshiC stow the

di sposed oy ' It e r f Flgs..l A 1 Band | C show the

t ouch probetsg%@pdﬁtr?‘l£ %ghgngé)? fi gﬁ%%ttS@%gé%&”ﬁﬁ@“ﬁ&ﬁ%ﬁ% ng process.

The touch probe Phe toneH pides 20 inchvdRE ahOwed Hvitsidg 228a PRIMER iactufol 981 22Alinder
and a cylinder 15 26 that extends fromthe pneumatic actuator to the

| ower hddisidtghatiréends diomn the Pngematig antuater to the lowst poustng. STherpneimaticidsudter is
which is cq . pressurized air urce (not ,shown). The, | ower

housi ng 22 °.%§1’ @g(gc\%w%n f%ﬁ Q‘ébepgéﬁvb}gﬁ |‘%/°%ﬂplf§3ﬂ a%%s%u QW&SB“QCH(SWHSH%W&S’“{? Igwens
the cylindejoudifig 22 is sidvidins pdiallyonyBked s | Rfelon 28 A3 i e
end 28 that ?éllu'rlgng l?)?)erat inonIS ofat he !t::%uch ﬂgwt%-r@%%vgmgﬂbgﬁx g ?rom %lﬁga{%)wer
housi ng t o Within &t lowkee heusing,i ThebrydinderT26. habapno ecendr28cthat diirielg opérafibh of ihe touch

| ower housing is . a proxinmty sensor 36 that js jnplenmented using an
el ect r omag rpégl?ecmc'{?rgrs) é‘ro[nb{ge lgwer housing to contact the circrlrlri)t board 10. Mounteg on one side of

20  the Jower housing is a proximity sensor 36 that is implemented using an electromagnetic field to

detect a metal target. The proximity sensor is electrically coupled to a controiler (not shown) of
the dispensing system. The cylinder 26 has a ring 30 made from stainless steel that can be
readily detected by the proximity sensor 36. |
The touch probe 20 operates in the dispensing system as follows. A circuit board to
25 receive dispensed material at a number of dispensing locations on the top surface of the circuit
board is loaded into the dispensing system. For each of the dispensing locations, the touch
probe is used to determine the z-axis position of the pump and dispenser assembly that will result
in the desired distance between the nozzle and the circuit board. It should be noted, however,
that depending on the tolerance of the circuit board, the touch probe may measure the z-axis
30  position at some number of dispensing locations less than the total number of dispensing
locations. The touch probe 20, as shown in Fig. 1A, is positioned at a distance d, above a first

dispensing location of the circuit board 10. In Fig. 1, th;: cylinder 26 is shown in a retracted
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board, the nozzle of the pump and dispenser assembly is at the desired dispensing distance above
the circuit board.
The calibration procedure described above is repeated for each of the dispensing locations
20 on the circuit board to obtain the proper z-axis dispensing position for each dispensing location.
The pump and dispenser assembly is then moved to each of the dispensing locations, positioned
at the proper z-axis dispensing position previously determined using the touch probe, and -
material is dispensed onto the top surface of the circ;uit board.
There are drawbécks associated with the touch probe and calibration procedure described
25 above. First, the procedure is relatively time consuming since at each dispensing location, the
pump and dispenser assembly must be slowly lowered towards the circuit board. If the pump
and dispenser assembly is moved too quickly, then any time delay associated with the detection
of the ring 30 and the stopping of the servo motors will result in errors in determining the proper

z-axis dispensing position. Even when the probe is moved relatively slowly, any delay in

30 stopping the servo motors may still result in unacceptable error.
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In another alternate version of the first embodiment, the measuring probe has an input to

receive a voltage signal, and the measuring probe is adapted to provide the at least one
20 measurement signal in response to the voltage signal.

In another alternate version of the first embodiment, the measuring probe includes an -
actuator that in response to an actuation signal controls the measuring probe to be in one of the
actuated state and the retracted state. -

In another alternate version of the first embodiment, the dispensing system further

25  includes a moving apparatus that positions the measuring probe along first, second and third
orthogonal axes. The first and second axes are parallel to the top surface of the substrate and the
third axes is perpendicular to the top surface of the substrate.

In yet another alternate version of the first embodiment, the controller of the dispensing
system is programed to calculate the distance from the reference point of the measuring probe to

30  the surface of the substrate based on the at least one measurement signal.
In another alternate version of the first embodiment, the controller is programmed to

calculate the height of the substrate based on the at least measurement signal.
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WO 98/ 3774 casuring a distance between the measuring probe and the top surface of the substrate,

PCT/ US98/ O%E’iﬁonmg the dispensing apparatus at the dispensing distance above the top surface olfs the

substrate, and dispensing material onto the substrate.
In an alternate version of the second embodiment, the measuring probe has a probe end,
20 and the measuring probe has a retracted state and actuated state. . In this alternate version, the
method further includes steps of positioning the measuring probe, in the retracted state, above the
substra'te, and switching the probe from the retracted state to the actuated state, such that the
probe end is positioned on the top surface of the sui)strate.
In another alternate version of the second embodiment, the measuring step includes steps
25 of applying a primary voltage signal to the measuring probe, and receiving at least one secondary
voltage signal from the measuring probe having signal characteristics indicative of the distance
between the top surface of the substrate and the measﬁring probe.
In yet another alternate version of the second embodiment, the measuring probe is
coupled to the dispensing apparatus, and the step of positioning the measuring probe at a
30  predetermined height includes a step of positioning the dispensing apparatus at the
predetermined height, and the step of measuring includes a step of maintaining the dispensing

apparatus at the predetermined height during the measuring step.
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In yet another alternate versi OﬁrigitDEsh':?i W)goor}q gﬁ?&&éi nt, the measuring

probe is coupled to the dispenstn _, the step of
posi tioni ng t he Fepabetdriadat@ldingd bf the3fesehEidoéion REsteR® i hadk Ae thedeswings
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Slt ZB sing F?gp F{% s%ol‘fvsé a part&aqu brx)'oken away view of a téu%g pro ue iln a%etractec[?os?tyonl usdd
in a dispensing system in accordance with the prior art;
Fig. 1B shows the touch probe of Fig. 1A in an actuated position;
Fig. 1C shows the touch probe of Fig. 1A in a measurement position;
25 Fig. 2A shows a measurement probe in a retracted position in accordance with one

embodiment of the present invention;
' Fig. 2B shows the measurement probe of Fig. 2A in an actuated position;
Fig. 3 shows a dispensing system incorporating the touch probe of Fig. 2A in accordance
with one embodiment of the present invention;
30 Fig. 4 shows a flow diagram of a process by which the dispensing system of Fig. 3
dispenses material onto a top surface of a circuit board; and

Fig. 5 shows a flow diagram of a measuring step of Fig. 4 in greater detail.
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top surface of the substrate. 10 In anot her alternate version of the

third embodiorfispensing ysemp fmgrintedraienitdonmis, ut ratherdﬂ'sfrm(;asimix_xg appirafftm and method
di spensing .materi.al angd th ans for positioning includes neans for

cai bul at | nopeEpdams AP BB eaR aihe BiEserk i enish 2400 WL otk applisssions ng
st oy, requininB eSS b BB FRRELAMA NS | OP surface Of fhe

substrate. her alternate version of the third

enbodi nent, the Aea@sufieg pobBlLO0Ld ddt@rdedce Withlone embiBRiEAt Bpfhe;HPé’sEﬁ'ﬁn@&Rion for
di spensing end to the di spensing position on the third axis prior to

di spensilfg measaring thedhaightiof en sppertstefaes of a printed circuit board in a dispensing system is

i i pti i F bet t der st andi of
the. pr esentHPIGORE T 2Ar0AdEerig. 74 Shas thegneariries BAPR 40 oA riacted e, whil

i t h i r ik i ch: . Ei sho a
e 11 A R 0 W, Spbao i e o
in a di spende peiosys Hestribed asbe] the McsiiigdploBe 190,118 heddrdance with one embodithéht of

| B shows the touch probe of Fig. 1A in an actuated position;

Fi g. 1C shd¥e prasentinyestiopy i§desighedriognount to a pumpread dispemset agsemibly affg dispensing
15 system.

The measuring probe 120 includes a pneumatic actuator 124 connected to an air line 118
to receive air from a pressurized air source (not shown). In one embodiment of the present
invention, the pneumatic actuator is implemented using a single acting, spring return air cylinder,
part no. NCJ12 available from SMC Pneumatics, Inc., Topsfield, MA. The pneumatic actuator is

20 connected to an extension cylinder 123, which is connected to an electromechanical transducer
122. InF igs. 2A and 2B, the extension cylindér and the pneumatic actuator are shown in a
partially broken away view. A cylinder 126 extends from the pneumatic actuator 124 fhrough
the extension cylinder 123, and in the actuated position of the probe (Fig. 2B), into the
electromechanical transducer. The cylinder is connected to one énd of a core 140 of the

25 electromechanical transducei. A probe 128 is connected to the other end of the core 140.

| The electromechanical transducer includes three coil assemblies 142, 144 and 146 that
surround the core 140. Coils 142 and 146 are secondary coils, while coil 144 is a pﬁmary coil.
Control lines 148 are connected to the three coil assemblies and are connected to the controller of
the dispeﬁsing system. In one--emquiment of the present invention, the electromechanical

30  transducer is implemented using an LVDT device, available as part no. MHR 100 from Lucas

Control Systems, Hampton, VA.



25 wb%ssifi;Shows a neasurement probe in a retracted g@fﬁjggsmldzn
accordance W t/ﬁ one enbodi nent of the present invention;

Fig. 2B shows'the neasurement probe of Fig.g2A in an actuated position;

Fig. 3 shows a dispensing systemincorporating the touch probe of Fig. 2A

I n accordance | | : e avent.lony 30 ..

g 4 shove a fiiSigharRBffoiP R RN by biCoRbaSHthis SR HEAR nedpsiiomoge
Fig. 3 cott Wit SRS tramaidacdr aThe bére of theRarstider 6Cmade fRoriaigh periRabifity Rattrial
Fig. 5 shows a flow diagram of a neasuring step of Fig. 4 in greater

detail . and is dispysed 81 @ glyappel within the transducer to allow frictionless movement of the core
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et ai T ed DIGHRR fiq tgpsducer: Each of the-gqils 142, 144 anc}46 i pfia et AP, Wikl nor
tolimteg I PVETIN ‘o d | ' i laf.h
ot er ande S oRagiobile 112 4R SREHing SYERICRAY icposed aboBNE PimE il B
surface of chartel ttiaetorthing tetcobd dWten ORteaslcemkrs kdbd pefoimed Wing taPPirBaadkt the
however, that - 5 enbodinments of the present invention are not limted to
di spensi ng peymareReil 14 aeesizagdibyl anpA € sgurce, caugipg wpkgass i bryjindyeaddnio dagh of the

printed circuit, boards,,hu ther. th asurin arat us. and ,net.hod

i n accor dafte@ MRS 1&33&%’%%@ ’gkfe {nﬁ%rngl}dg':agﬁtpil?sr?gnﬁlﬁ)qo\bqjitaﬁwng%ce&% ¢ ygcondary
ot her appl ice@é h@NSfunction 6fAB&pEitich GBS b&R WAkIEA ARCEREudRe| B InaRa Ry BEENt S.

A nmeasuring probe 120 in accordance wi th one enbodi ment of” the present

i nvent i th feagnitode amchphast nfjthehinduced yoltages, the posiper ofthe tareeambe prepiseiyt ed
circuit board in%dis sin stemis shown in Figs. 2A and,2B.

Fig. 2A sh&fEmHedRIt g rospRiian 2§e Fansduces prawidese dyngmic rapge pEposition £ g
2B shows t | :d - St 11 tfhe. touch
probe devi rc}lgeag?'% féht &gﬁg{c’gﬁr‘]?éo}%;brl %t&d%gié%ﬁgggérgg%@/{é%}% hwétﬁwgé gg‘?’%’%‘ pl?loqﬁltg
120, in accayddifientwtie froseneinbedioretiis @fnamic rardghés @uab®IT.200MekYsi on, is
designed to nmount to _a punp and_ dispenser assenbly of a dispensing 15 )
system Figurgdeshgivs 90 prbodirspofipdispensingsystem J0Qdngnaporating thganensuring

124 con ¢ Ctp(:f‘o ¢ Bl a%'ccgrdlax{cg%vighltge present invention. The dispensing system includes a housing

210,.a computer control system 220 and a pump and dispenser assembly 230. The pump and
dispenser assembly is supported by a moving apparatus 240 that includes servo motors that are
controlled by the computer control system to move the pump and dispenser assembly along
horizontal x and y axes and a vertical z axis. The measuring probe 120 is coupled to the pump

20 and dispenser assembly 230, and thus, can be positioned using the moving apparatus 240 under
the control of the computer control system 220. The dispensing system 200 has a support plate
250 for supporting a circuit board 110 to receive material dispensed from the dispensing system.

The computer control system 220 controls the dispensing of material from the pump and

dispenser apparatus 230, positions the pump and dispenser apparatus 230 and the measuring

25 probe 120 by controlling the moving apparatus 240, controls the flow of pressurized air to the
measuring probe 120 and receives measurement data from the measuring probe 120 to determine
the height of the top surface of the circuit board 110. In one embodiment of the present
invention, the computer control system 220 is implemented using a personal computer system
based on the Intel® 486 microprocessor using the Microsoft® DOS operating system.

30 The operation of the dispensing system 200 using the measuring probe 120 in
accordance with embodiments of the present invention will now be described with reference to

Fig. 4, which shows a flow diagram of the steps involved with di top
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to receive ma pressurized air source (not shown). I'n Hi(} I ment
of the- preg@n{%%ﬁ invention, the pneumatic actuator is inpl erren? g5| ng

aggingl e acting, spring return air cylindef9-. part no. NCJ12 avail abl e
from SMC Pneunatics, Inc. Topsfield, MA. The pneunmatic actuator is 20
connect ed tsgrface 604 Srixied eré?dli boage " Inlstep 3 M) b elicuiis b6 NERREGEH in€ B8 dispensing

el ectronmechani cal transducer 122. In Figs. 2A-and 2B, the extension

cyl i nder arsystete Iprtmwmbwdlmnt ofdhodispensingsystem shown in Fig. ﬁaﬂta ctchit boamlkie hoaded

away view. A cyl.inder 6 extends fr fic actyator 124 throu
t he extensiB# W‘H&é’ﬂe ISRENSHIE FY STRMYy I(i% a& E‘Et%f&’ yaes 8‘%1 Prespgt 151’%’@“(%(59
o one. end GPeasing sEEHSEBTREBISA orbBEh Sfom HIE pREHRER foBa FATELER

128 is Csmrt%hﬁ%omsw&a@frbmrm@aﬁpa{sxﬂgmﬁs&ﬁie 140. _ The
el ectronechani cal transducer i ncl ude ree coil assenblies 142, 144 and

146 t hat s ulinrspepnil @, ﬂspcnsug patdnetersifosthe £ircein todrd Grealoedskintmitia cymputel s,
while coil 144 L‘s a prjll_gary coj | Control lines 148 are cC{onn cted t
the three comirohSisiem| The SEPRISHEPAEERHIEE FRAY HESI9TRE OB GHENGIT medigeither interpa] or

di spensi ng t r.

el obt r omoerNTRab i e ETRAGDFRtern L INIRLIARTEE st boyifrm vsing an
avail abl e %Fﬁﬂfﬂaté‘ﬁagﬁé‘fﬁjfﬁéﬁxi Fealin taggﬁatus, ortﬁ‘@ais p&singy sk AiBtersRAPE OManyilly

- 8- he el ectromechani cal transducer provides output signals that

i ndi cat @0t hentqred irité tire arimpivter contrel systeii by dheperatansitthe disperisieg system.of t he
transducer is nmade froma hi gh perneabjli tématerl al and is di sPosed in
channel wi thin t Ko SiSBeRstREGRaFaeiors Aahkierth lacruamscan b SUEwE Reatg at Whishrpaterial is

Wi thin the t %}%ﬁ?&if ﬁtl:eacﬁgar?cfe atolé'\? he 't$ s nfrﬂa%i 2% n%@ﬁﬁéég dI at v«% chthe ozzle ﬁ to

cyllndrlcal e secon ary el ng synne rrca

di sposed ab&%os‘itﬁﬁxeﬂ Idufig msgenssngt ehef vefigh Reigahafdifduittboatds @ ey pé |dalied hd ﬂxe
When a nmeasurenent is to be perforned usi Eog the transducer, the prinmary

coi| 144 i sdisprmsipigsystetny ardhthaquantity ead typs magemb ta bgésp@rtsedbeDundgleteg SBa,ttbe

each of the,secondary coils . 142 and 146 nitu an se L he

vol t agedSi isReDgE SYFRE st s daga g wrgb%lpé]& tom @ hs@fﬁﬂ E&HW@HC gf the

the core w % mu& ﬁﬁa]ﬁtre%@ﬁgf'ﬁﬁrdxsgst%@é&fdn‘gg t he magni tude and phase of the
t

i nduced vol tages, e position core can be precisely
The process by which the height of the circuit board is measured at each dispensing

location will be described with reference to Fig. 5, which shows a flow diagram of the process.
In step 410 of Fig. 5, the computer control system controls the moving apparatus 240 to position

20 the measuring probe above a first dispensing location on the circuit board. The z-axis position of
the measuring probe during the measurement process is determined based on the average height
of the circuit board, and based on the dynamic range of the measuring probe, such that for a
circuit board of average height, distance d, (see Fig. 2A), between the bottom of the
electromechanical transducer and the top surface of the circuit board is equal to half of the.

25 dynamic range of the measurement probe.

Once the measuring probe is properly positioned over the dispensing location, and in the
retraéted position, as shown in Fig. 2A, the computer controller controls the pressurized air
source to apply pressurized air to the pneumatic actuator 124 to actuate the measuring probe
(step 420). When the measuring probé is actuated, the.cylinder 126 is released, and the cylinder,

30 the core 140 and the probe 128 are allowed to fall under the force of gravity until they contact the

circuit board at the dispensing location, as shown in Fig. 2B.



determined wth infinite resolution. The transducer provides_ a dynan.c .
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of a di spensing_system 200 i ncorporating the neasuri ngﬂ probe 120 in

accor dance wi t hin #ep f3deraltage signaliisapplicddo thegsnary sail d ¢&tasdhin sep dd@dhe

housi ng 21 o) I '

nsserbly 2 mBHRECTRoRE: A8 the RREE TLiRa O SRl B BN ATRA%0 apg 146,
appar at us dé@rrhifed the pokidda of #Rf dbee 190 RtBinithetleatr@néchahical thedur¥r 13%eand
conputer control systemto nove the punp and di spenser assenbly al ong

hori zont al deteamides/tha)déstardrdl; hased ronithaimagnitidesand Phasemdfdlsaicduplpdmoltbge si@nls and
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posi ti ons phsitipnfay teedispenspieatdes fisp@ispensing logioansithen ealgulatedrbasagt onghe beighpof
by controlling t Vi ng..appar s 240, controls the fl ow of .pressurized
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measuri g MARRut8adds gtcl‘%b. Resteg 41, e Bhtroldr cdohiffols A SiEdshAs& Q{}snﬂ?@e to stop
circuit board 110. In one enbodi nént of the present invention, the

conput er ceupplpihg presheiacd 26 tbshd paeuarmn hettatos toungtian fer raexsating prope tethexyisdated

based on the Intel 486 m croprocessor using the Mcrosoft DOS operating
system state. The operation of the dispensing system 200 using the
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system t hat(stapBsoyat i cal | y | oads and unl oads

In step 360, a determination is then made as to whether there are any more dispensing _
20 locations on the circuit board. If the result of step 360 is “yes”, then the pump and dispenser
. apparatus is moved, such that the nozzle is positioned over the next dispensing location
(step 370), and material is dispensed on the circuit board at the next dispensing location
(step 350). Steps 350 and 370 are repeated until material has been dispensed at each of the
dispensing locations on the circuit board, so that the result of step 360 is “no”. The circuit board
25 is then removed from the dispensing apparatus (step 380) and the process of Figs 4 and 5 can be
repeated to dispense material onto the top surface of another circuit board.

In the embodiment of the invention described above, the height of each circuit board is
measured at each dispensing location. As understood by those skilled in the art, for a lot of
circuit boards for which there is little variability among circuit boards and for which there is little

30 variation in height at different dispensing locations on each circuit board, then the height may be

measured on less than all the boards and at less than all dispensing locations.
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320 ‘di'spe nmeters for the circuit board are Ioaded
conputer - - - control system The dispensingjparaneters nmay be stored on
magnetic nedia either internal or external to the conputer contro

system and | oadegy | Hé me%m%ﬂmggreﬁgzﬁ%‘gé 10y BEGHbEE L 2 electﬁg%@gc%no chfit ©

magnetic nmedi a rea I'hg apparatu i Spensi ng par aneters

manual |y 10 tragstheediliAigoL VT teeHipligg is Gsud to Uetetyifiethd Pysitidh @paegs:@be Em&f thehe
di spensi ng system The di spensing paranmeters include

| ocati ons omeaburing prob¢ hasthegn dctuatedihiThé presemsrinegntios is not limjteddo meapmmntpbes

o to  bduaslies bNBA BEHalEsabeateh gher HBnaeF B claniNRE Sheokie poRtbon can
boar ds of t grg%g@%%“?[?o%ﬁgeﬂt%f)mgg antlﬂﬂgiti%éenSI ng system and the quantity

and type of erra e drspens step 330, the 15 dispensing
system uses the IRASHY !hﬁgdékbﬁbéu atd6hst @n@mwmetéﬂeoohﬁhaﬁfofﬂ{e ihféhtioRPalterations,
surface of the circuit board at each of e di spensing | ocations.

The pr ocess nimdifatutions adkiniproyiments wilheeadily ocnur ththeselskidedinathe ared Sath slesritions,

di spensi ng Iocathf wi |l be desgri gd with reference to Fig. 5 which
shows a fl O\W‘lﬁlﬁﬁa\“&ﬁﬁ #d FIEOYIREES e inten editg b§t"€§“& thy ssepeang SPB’lt afj{ke invention.

conputer co S Oyt {0

he measur | ASorR B sHeRUEE ik Rol B WP PR o iR B et o
The z-axjs HBelihvedfioRTs limit is defiRedBAI§UA 'tHEQfo[leth% ¢laifrsed ihee et SR Rto.
process is determ ned based on the average hei ght of the circuit

board, and based Whattinelaityethisi ¢ range of the measuring probe, such that for

a circuit board of average height, distance d3 (see Fig. 2A), between
the bottom of the . el ectronechani cal transducer and the top surface of
the circuit board is equal to half of the 25 dynam c range of the

measur enent probe. Once the neasuring probe is properly

positi oned over the dispensing |ocation, and in the retracted
position, as shown in Fig. 2A, the conmputer controller controls the
pressurized air source to apply pressurized air to the pneunatic
actuator 124 to actuate the neasuring probe (step 420). When the

measuring probe is actuated, the cylinder 126 is rel eased, and the
cylinder, 30 the core 140 and the probe 128 are allowed to fall under the
force of gravity until they contact the circuit board at the

di spensi ng | ocation, as shown in Fig. 2B.
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I n step 430, a vottage-si-gnal is applied t.q2t.he primary coil 144, and in

step 4|{ng ! uter controller detects the coupled voltage signals
fromt ,MH@”MH@BB@ 142 and 146, determ nes the position of the
core 140* wict hitn s el'¥®et ronmechani cal transducer 122 and " determ nes
the di stance d[err] based on 'the magni t uGe.AIMB phase of the coupl ed vol tage
signals and 5 based on predetermned calibration factors for the

el ect romechani cal transducer. In step 450, the height of the
circuit board isycal gl at: ; i tg._on
which the circuit’ %(ggfi)gﬂ%@éj?@%ﬁ%&%ﬁégﬁﬁ%&%ggﬁgQg?g%‘g%%g ogg_s ubﬁgjg%pralgper
Z-axis s dimg{hg@pstéxﬁrcog,?gsiﬂg;spenser at the first dispensing location is
then cal cul ated based on the hei ght of the circuit board, and the
desired di spensiabousing; ance between the nozzle and the top surface of 10

bressur | zed ai 1 SUAPEEIE DBy couplalds pihaaae RaLd St f Gaplp st apeierial and
neumati c act uat ] i NQ: . r
State. Phuel Qe pi, BIIRO AR BRI Rl BE sEtare tgmespure

di spensi ng d disahtoofcmarefehece poimtiid a location divthedop Surfaee bhtheRabghte. of t he
circuit board has been neasured at each of the dispensing 15 |ocations,
t he punpland di spenser assenbly is positioned by the conputer system such

that the zzle, s at the desired .dispensjn i stance, above a. first
bne of 'the di spererhedBaingcSen St el If WHRERE R BB pE RV Clublt's

di spensed %}BﬁdbQ@leﬁ&tr&xﬁideaﬁﬁ%@n@%%dahﬁxdfdaﬁ% ofhihe RERRICE rohPddréfefence point to the
(step 350). In step 360, d

a determnation is then nmade ‘as to
whet her t hetop sarfaceanfithersubstrate sane rvaiengin ti0disrensing sysem furttive comprisésta doménotier
If the result of step 360 .is "yes", then thef punp and di spenser

appar at us | SuRlsida thesmeasuring praog do Fresive dhs af leaskens measHresnrdt SigRd: next
dispenshgg | ocati on (step 370), and material is dispensed on the
circuit 'board at the next dispensing |ocation (step 350). Steps 350

and 370 are repest Fhe HRprsinFalySendf s 1) OMRreii GRANGEE R proBe Radi retiated state

di spensing locations on the circuit board, so that the result of step 360
is "no". Trandanrastiatedntate,cind ¥herain theaneasuring probe inpliades @ padbsrudshatdn the retracted

t t 80 dth . Fi 4 d b .
o di apensctHEPEAIANeBAREE PREE 5 iF e rroim GETErraier 2Bt Bedp fie Senated
n the enbadirpt pafbelohd id #4LIRNIERETNE heAlRYGCe b el gt of each

circuit boar rréasure I spensi ng cation. As understood
by thosegskilled in the art, for a | ot of circuit boards for which
there is little variability anmong circuit boards and for which there is
little 30 variafi &he dispensingrsystam oficldieyXs nhettin hermeasyring prebe basarpimpution

circuit board,. then the.hei1

recéive a voltage signa ,%5‘13 wr}%}/eir? the measuring probe is adapted to provide the at least one

measurement signal in response to the voltage signal.

25 5. The dispensing system of claim 4, wherein the measuring probe includes an actuator
that in response to an actuation signal controls the measuring probe to be in one of the actuated

state and the retracted state.

6. The dispensing system of claim 5, further comprising 2 moving apparatus that
30 positions the measuring probe along first, second and third orthogonal axes, wherein the first and
second axes are parallel to the top surface of the substrate and the third axis is perpendicular to
the top surface of the substrate.
This Sheet Has Been Replaced THIS SHEET HAS BEEN

[T

" REPLACED




nmeasur ed . on.l th d at | th [l dj ' )
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descri bed above, an el ectronechani cal ransducer utilizing LVDT
technology is used,tq.determne th osiptipn of . a pro once the

nmeasuring pr obeihgb‘3 aéeﬁﬂsé&% ﬁ'zﬁe&i?&#%g‘ é’r‘g&;ﬁ‘f’ the, e‘g‘Hﬁ?‘gﬁ is; Rogrammed;ip calgulae
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t echni quesﬁ\%gr écteef?orrnﬁﬁlénrgf% sco?ulte pogi ?‘%on gan eStogLeé used ine %‘%ggtﬁr?eaﬁdsm
of the prethent idastuaitrh€surement signal. Havi ng thus described at |east one

Il lustrative enbodi nrent of the invention, alterations, nodi fications
and inprovenents will readily occur to those skilled in the art. Such

al terations, Hﬁdifications and..i npr v&gents are intend to be wthi

the scofe and spi AR diPERsIRS $¥5taon f gJaim /7, whoreindhe sybstrate g BPBgYriaes and 2

descri ptiop,. : I . ' [ Ry

The. 1 nvent et i e Beinf ARG o Hiktandd ot Bedithp HB SRS erd (3 bipirfadd and
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CLAI V5 one measbremendistgpehsi ng system for dispensing material onto a top
surface of a substrate, the dispensing system conpri sing: a

di spensi ng apparatus that dispenses a quantity of material; and

means f.@r neasugi dist nce point on the dispensing
appar at@s and agl g%g?f%hﬁ%ﬁgﬁﬁ??ggagg??hgg&g&t he substrate, wherein the

di spensi ng appatiaidispensing @ppareths has a dispensing nozzle having a dispensing end for dispensing

the material; and _
the controller is programmed to calculate, based on the height of the substrate, a
dispensing position on the third axis at which the nozzle end is at a predetermined distance from
15 the top surface of the substrate.
10. The dispensing system of claim 9, wherein:
the moving apparatus is coupled to the dispensing apparatus to move the dispensing end
to a position along the first, second and third axes; and
20 the controller is coupled to the moving apparatus and is programmed to control the
moving apparatus to move the dispensing end to the dispensing position on the third axis prior to -

dispensing material onto the substrate.

11. The dispensing system of claim 1, wherein the measuring probe includes-an actuator
25 that in response to an actuation signal controls the measuring probe to be in one of an actuated

state and a retracted state.

12. The dispensing system of claim 1, further comprising a moving.apparatus that
positions the measuring probe along first, second and third orthogonal axes, wherein the first and
30 second axes are parallel to the top surface of the substrate and the third axis is perpendicular to

the top surface of the substrate.
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t he nmeans \{,Brgsgeﬁsur e wherein the neans for ?&syggsmgmz

i ncl udes: mﬂ ﬁ ’ ﬂ’ﬁﬂ er having an open en

measuri ng pr cbe cont arned chanb 4 having a probe end extendable
a di stance beyond the open end of the cha er; and means for

d he dijg
get et 09, e st 306G B GRAYERS B SRR EAT ARG Calcune

posi ti oni nehetdistatbesfpen shegfeagieapaint o the dit@tioh bh se top eGrfast ofikk éubktrgte based on
ort hogonal axes, wherein the first and second axes are parallel to the top

surface of therps leashenermeasursment sisnalhi rd axis i s per pendi cul ar to the top
surface of the substrate, 3. The di spensing systemof claim2,
wher-ei n t he dispensing apparatus has a di spensing nozzle having a

di spensisng end far THe ARPEHiMDsyIRIEST Fhim Bherein the subSiatsBAS btiim surface and a
positioning includes means for cal culating a di spensing position on the
third axi shaighwm&htghté)emgaqaaisolﬂg: disteindesbetvean the botedre suifavechnditisd wpsarfhcep and
the top surface of the substra 4. The, di spensin system of claim

3, wher ei nwméelmr@nveﬂerﬁeet%rw%tq W&%eﬁle&eﬁaﬁ% the sppiatf basgd on the at least
di spensi ng L Qurk nsing position on the third axis prior to

di spensi ng ﬁgg‘erl al ag‘?ﬁ o&’t%ﬁe substrate. 5. A dispensing system for
di spensing material onto a top surface of a substrate, the dispensing
system conpri si ng: a di spensi ng apparatus having a nozzle that

di spensts a quarti {Thedfispapding system afelaim 14, wherein:

the dispensing apparatus has a dispensing nozzle having a dispensing end for dispensing
the material; and
| the controller is programmed to calculate, based on the height of the substrate, a
dispensing position on the third axis at which the nozzle end is at a predetermined distance from
15 the top surface of the substrate.
16. The dispensing system of claim 13, wherein:
the dispensihg apparatus has a dispensing nozzle having a dispensing end for dispensing
the material; and
20 the controller is programmed to calculate, based on the distance, a dispensing position at

which the nozzle end is at a predetermined distance from the top surface of the substrate.

17. The dispensing system of claim 15, further comprising a moving apparatus that
positions the measuring probe along first, second and third orthogonal axes, wherein the first and
25 second axes are parallel to the top surface of the substrate and the third axis is perpendicular to
the top surface of the substrate, wherein the moving apparatus is coupled to the dispensing
apparatus to move the dispensing end to a position along the first, second and third axes, and
wherein the controller is coupled to the moving apparatus and is programmed to control the
moving apparatus to move the dispensing end to the dispensing position on the third axis prior to

30 dispensing material onto the substrate.
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a rreasure r at di spensi ng appar at Usgriishsieioa’ M ne
a di stance %ﬁpgﬁpm!m’"ﬁm{]m,mﬂﬂ[f ace of the substrate to a reference
poi nt wi'thin'the di spensitngtsyst esm gurenent apparatus having:

wal I's form ng a chanber having an open end a nmeasuring

B obe Nt 21t i sk A of Vs i REBOE K AR s o
substr at e; p@itbns the measuring probeaal&ﬁé ﬁfsi is8brfel e{nal!hi?d Bﬂhcqg%h@l?éxeé Reheéin tROSRt and
t hat the probe end is extended fromthe chanber™ for p03|t|on| ng of

t he nozzl eseebndaxissre patalieldo Hrectop ufanetdighessibstratatad the third axis iSperpérglicular to
di spensi ng system of claimb5, wherein the nepasurenent apparatus has an
out put to pedop susface. Of é‘Ksﬂ“bﬁiF?ée ﬁ’ébfi%}ﬂéh%mp‘@ig@ﬁamﬁ“ﬁéﬁ whﬁleméhe dipgensing

di stance that the pr exte ded from erein th

i spens S ng BRPHEIoTER v oF o e b agrit) fde B8 T eteooR kB Bt 2

appar at us %vﬂefe?r?ﬁb‘é@nﬁ&fer% cdupbiito e Hi%@ﬁigra@?ﬁﬁfus $hd 'i?ﬁro%rammed to coKtrolTﬂR@

di spensing system of claim6, ‘wherein the reference poin | ocated on the
nozzl e. moving apParafiisdo mcs'pehssdxagersyxgtmdnotheodxmmﬁg pokitiorion thdthird axis prior to
measur enment, appar at us g@gxl uﬂ_les n actuator having an actuated state to

pl ace the ﬁ’éﬁ%‘lﬁ‘}%ﬁaﬁl tp YAlended position and a retracted state to

pl ace the nmeasuring probe in a retracted position. 9. A nethod for
di spensing material onto a top surface of a substrate using a di spensing

system fpavi ng a1gi apmethod Jordifnsiny mdtéadl odtccPRPSaTadd 6T ar@bﬁiét@hsxﬁ% adispensing
di spensing distance fromthe top surface of the substrate, the method

conpri si ngsytem baung a dispensing apphiratys that dispensas the omaterial abadispensing distencef frote
di spensi ng syst Sit I‘Bm n nmeasurin e;g (%be above the substrate

at a predetistAp ﬁgréaqqéqfélpﬁ S@gﬁ%}& R measuring a
0 st ance Vot Vel IBASIAR R lgof it Beuk oyl gttt e suDot
hei ght above t heositippagta rpd:atxxén§pt©be talmte thesulsitrapaana Ipf’ejie&mﬁa‘redtheﬁghlt sbale théie
di spensi ng di stance above the top
15 ~ support plate;
- measuring a distance between the measuring probe and the top surface of the substrate;
positioning the dispensing apparatus at the dispensing distance above-the top surface of
the substrate; and .
dispensing material onto the substrate.
20
20. The method of claim 19, wherein the measuring probe has a probe end, and the
mieasuring probe has a retracted state and an actuated state, and wherein the step of measuring
further includes steps of: .
positioning the measuring probe, in the retracted state, above the substrate; and

25 switching the probe from the retracted state to the actuated state, such that the probe end

is positioned on the top surface of the substrate.

21. The method of claim 20, wherein the step of switching the probe includes a step of
applying pressurized air to the measuring probe.
30
22. The method of claim 21, wherein the step of measuring includes steps of:

applying a primary voltage signal to the measuring probe;
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surface ofwbrggz,g,ﬁ;ubst Hlml "H{EHIMILH)UI, ~ di spensi ng matgiakesnies the”
substrate. of claim9, wherein the neasuring

probe has ‘a ‘probé end, and t he neasuring prighe has a retracted state and an
actuated state, and wher ein the step of nmeasuring further includes steps

of : posi trb&m/xﬂl at resstr&aswoh &?'I%ﬁﬁge sibhhl e HRIAGLRTE HrbBE Ravik® ggﬁax
t he substrate; and switchin robe fromthe retracted state

t he act uat @hamcanet;cssudﬂaam\rmf thmésqancﬂimtwm ihs tgpyirface nfilie substiate andpghe
surface of the substrate. 11. "The nethod of claim 10, wherein
the step ofEARMRHPIYSt he probe includes a step of applying pressurized air
to the neasuring probe. . 12. The nmethod of claim 11, wherein the
step of neasuring ineludes steps of: applying a primary vol tage

signal to the memEsUrtidfiethib®BLelaim 22, wheréi@ @ MieAdhrial prdRSE cAUpeds H\di8pehsing
vol tage signal fromthe neasuring probe havi ng si gnal characteristics

i ndi cative appanaha, whereimibe SEQtOﬁ/pesntwmeg thepneasnfing probe at mpreéctbsmued beightd t he
measuring p nmet hod of claim 12 rejn.the

Teasur | g BROBLSS & ApRASiHaRiRg e CaPeTEMLARRa i A RiedetaRe b gennch whergin

positionin drﬂm% et =& Step
of positi o%rhnggP %ﬁ% spe éﬁﬂgb"gﬁ%ﬁfﬁ{s‘ﬁg% 1%’&%?%(#&&19%‘ ?Pa%ﬁ{%r ght, and
wher ei n t hepredetgmihediaghtrdunigg thtahemdesngstepep of maintai ni ng the di spen5| ng

apparatus at the
10

24. The method of claim 19, wherein the step of measuring includes steps of:

applying a primary voltage signal to the measuring probe;

receiving at least one secondary voltage signal from the measuring probe having sighal
characteristics indicative of the distance between the top surface of the substrate and the

15 measuring probe.

25. The method of claim 19, wherein the measuring probe is coupled to the dispensing
apparatus, wherein the step of positioning the measuring probe at a predetermined height
includes a step of positioning the dispensing apparatus at the predetermined height, and wherein

20 the step of measuring includes a step of maintaining the dispensing apparatus at the

predetermined height during the measuring step.

26. A dispensing system for dispensing metedal onto a top surface of a substrate, the
dispensing system comprising:
25 a housing;
a dispensing apparatus, coupled to the housing, that dispenses a quantity of material; and
means for measuring a distance between a reference point and a location on the top

surface of the substrate.

30 27. The dispensing system of claim 26, further comprising control means for positioning

the dispensing apparatus along first, second and third orthogonal axes, wherein the first and
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appl yi ng- a-primary voltabe S|gnal to the ?surlng pr obe; recei vi ng
at | east one secondary voltage signal from'{ e nmeasuring probe having

si gnal charact ristics cative of_ the distance bet t he top surface
of “the SUbBCPRY EXGHIE pﬁ@ﬂg!éaémsﬂa@uﬁm;g the Sutstrate and the third s is prrgeRRiEHRo

of claim 9 t ng probe is coupied to the dispensing
e P S RS

appar at us, ern positioning the measuring probe at a
predeterm ned height includes a step of positioning the dispensing
apparatus at the predeterm ned height, and wherein the step of measuring
i ncl udes a st ep28f Tﬁnaudnﬂpanmnm@'stdneomlsma’é,lwigprappar atus at the
redeterm ned heji ght during the neasyring
P 5 thegc%spens{ng apparatus has gxrspensmg n&Pzzie having a dispensing end for dispensing
material; and
the means for positioning includes means for calculating a dispensing position on the
third axis at which the dispensing end is at a predetermined distance from the top surface of the
substrate.
10
29. The dispensing system of claim 28, wherein the means for controlling includes
means for moving the dispensing end to the dispensing position on the third axis prior to

dispensing material onto the substrate.
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