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METHOD AND APPARATUS FOR FLUI D DI SPENSI NG USI NG

CURVI LI NEAR DRI VE WAVEFORMS PRI ORI TY CLAM The present
wappkiocesd on clains priority fromUnited StateBCT/US2004/035871

Provi sional Application for Patent Serial No.

60/ 481568, filed Cctober 28, 2003, and entitled

"Met hod and Apparatus for Fluid D spensing Using

METHOD A3 APPARA TS/ EOR FIEUITDDISRENSING USINGICURVELINEAR

di scl osure of which | r ' orated by

reference in its ent bi‘é%‘%@@%o Technical Field

The present disclosure relates to controlling liquid
PRI . In specific enbodi nents, the present

I'scl osure relates to the selection and application of
dr Theepragene hpplivstidroc]pingszobritc fromc@hited Hates Bi@ikional Apphcatlon for

e QBaf e FTRILgh G S0 A0S508 4% ol TEROE B a5 o

Fluid ®qgensibizopkiag Cuofilifeak Imwe:j\JNé\frdeﬁX %Fmﬂaﬁws [@{1 dlark, ®€ dasclosure of
cont ai ni emca ar I ol ogically active
Whlcéa%%ﬁr%s{da@fpor FEL Ry feg%r%ﬁ ot it ed A t

Pi ezoel ectrically actuated m crodi spensers and print
ﬁ@@sﬁe used to generate mcrodrops of various
BA [ 'n a wde range of non-contact m crodispensing
ap@' chaiaslifkddlé, such as ink jet printing, biol ogi cal
roarra m ni aturized chem cal, assays, ug
do b%@esegiﬁf%m%reiﬁteégﬁ gondiodmgdignid-fspepsgs. i pitc embodiments,

the Bfe@én@t YiRloWre SEIGHE | foY (R kdlbdiio, arfd @gﬂxmf&chﬂvé Rehveforms to
preci si on

ic and electronic corr(gonent S,
plezcﬁgeﬁmce%x pesvatest dioptonidemands ligingl dispensers s ae it papjratsrand idiense in a
r
b D T o b lcy IR o  tquid
Contih@laﬂ chravtadlyor bjoledically activersabstdorsyr or tr ansducer array
hﬁéschﬁgl Hy&lR%g:#édyAﬁrl ven by a pul sed rectilinear or

po control signal to cause fluid

ej Elequb:ntr]k:hibo wgtma’adsnndrbdmenéersc end Qolentt bealonpbensed to generate
micr <?r afc 1 t vveen c{?he rmof n ?@ % rQclis lications, such

et et o r"?E‘S‘hsa%ﬁl P P R ST SR PR L R B RE &PP

as 1n|afj@t5prmahg, &ﬁkﬂogﬂ:}ﬂ ohiOQheRs, PirdRidet @Berditaltadays,| dtigldosing, synthetic
pplied. fluid pressure, and the &ngl ied drive

tisSuG APERETTIRG. Y TOQBETS! SEUSH| ErpRit arabTey pfirine of optic and
electRin@CIInPOn@HE al@pfecR]of, apShtaomsf lubricants and other specialty or high value

liquids.

These microdispensers and print heads, like drop-on-demand piezo dispensers and ink jet
print head devices, include a transducer or transducer array that is typically driven by a pulsed
rectilinear or polygonal waveform control signal to cause fluid ejection through a small orifice.
Due to complex interactions between the materials and electromechanical structure of the
microdispenser, physical and rheological properties of the fluid, applied fluid pressure, and the
applied drive waveform, many modes of stable or unstable fluid ejection are possible, such as

drops, sprays, or elongated slugs of fluid.
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drops, sprays, or elongated slugs of fluid.The

physi cal construction of the m crodi spenser or print
wheadosyrpd cal ly is fixed in mcrodi spensi ng aneCT/Iik20p€035871

printing systens, however fluid properties can vary

according to the requirenents of the end user's

application. In many applications it is necessary or

deBier plipiswal oorptrmuocieoﬁ thei wlicdrdigpsnseriot hpeint ﬂmnb {mmﬁy ds fixed in

actabl e dr
mier e At P AR FELE o Tt TRid BpiTF Rl o5 GPocrns o e
requ1ﬁemmtsm=ﬂ‘th65 ettdﬁusbhahppﬂahiﬁiﬂ | InenahypplidaEoeit isehedtdsa§loy desirable to

Kk with the main drops. One typical
prov@ia gﬁl cLﬁ:oa@n%WSr Eog% §1Z8i°L ﬂglﬁg S8, - %egegtagle drop volume and drop
Velodﬂt@rtﬁﬁﬂ hre CepdcBedgdittss saalfitd-fra yr InUEJQnainhéﬁ such th&adaidliitd\Mlops merge
cJeave&H%t one end to forman ejection orifice

1ﬁhﬂ(@VﬂFck@§“' T maindigRse 30 - 70 nmare common). A
t?ﬁlcﬂ'd?cﬁﬁ@ﬂ -8&hdnldGidzb aﬁﬁag&e&omp%s&%%?&n&a{e%ﬁsb Eapillary tube
ca illTary tube over a second heat “drawn urd
that ip b@aﬁ Arapmcnd eleaypd i omenentdﬁ@ fosasinlcieatign arifise (omﬂc@z tn the range 30 - 70

pm A chfs D! SAQLfL éﬁ é}? er it 'Erﬁns%}{fe!r #sgp(gﬁgn aﬁl?ttlﬁ% g%{”ﬁ’aer{/ tLﬁafe over a

sources ‘i nclu I mer
secordieahdrewn (lfiidirpsri¢igr @an«tm irgithe ngtilaryreibe. Bisap dispensérs of this type are

o FRST, SHRo b 055900 PP

Packdddpstnm&ede Qamgany cff DdWBepe IBO VY Iléhﬂﬁis Iot’l Raglatd Bé&oSciz@Se of Meriden,

oper te acc n the sane fupdanent
con@fiiul, T Al SREFCHIRENT  afbialiec Fourtcrrptd ThamStatsie and ink jet
deviceh 615@&8 i hkeomhdélmtm&e&arfnb lﬂmrfﬂlaﬁgxﬂél[tbiqﬁeéﬂnkﬁiﬂlﬂcf&)tbe the piezoelectric
evice in ponse .t o, an i ed_voltage pulse to
tfansg cak pheger oy ]HP’G& & it BT Gl CBiPt Huessponse to an applicd
voltag@ﬁlﬁieecﬂ %cﬂ asﬂﬁi@ﬂfoﬁﬁgﬁlr&%hizls%%mﬁcé“her ein there is

shown a bl ock diagram for a conventional system 10 for

pr%ﬁ%rémq@gs @PmeédestooFIW di whergindhasg 4g ehpwhoa iblpsk fikkggam for a
convé}%tgggﬁzgetﬁrﬁrl% %ﬁ%ﬁﬁ%lgg{?%‘gﬁ ptl'h%@r g'ggg\%hgen( |::[)Qalacrl]udes at least one
piezogleglic [drapadn-desrend GDOEY) giratnsgnil X whish israsfueter duiresporms tot dreelectrical

I tric drlver 16.
contri#léé&%l ?4 %g é%fexggft% @‘ﬂheddrp/¥ %nﬁ% glgavegl:iagla pﬁ@zg tfl(é gpyc?r Cl6 The
dispeasdr ult mam laea fong if aieVﬂmlSpllemllddﬁ'lcn@,tuahOii oenﬁmht&ms dncluding, for

rical ueezer -t ary tube
examily B F o 43 e e b a1t P e ] fembmpgyen for wse n
dlspehmﬁ!gladlqﬁiﬂrﬁoﬁtammyclibhﬁéﬂllﬁjair|bYOl@glcziIlllyC&cﬁ@sl Sidbkladced G ia¥ §nk jet piezo
stances .or, an jnk jet pjezo printing head for use

printing R BISITh giseersiog ﬁtprlﬁgns opFPegiiiv. fludy yFhe pigpe) driveid 6 includes
a h1gﬁ'\/%¥t9% %ﬁfer BEpabRCoERSrafind v Ol g¥ Qh%tﬂslg Qmﬁ‘mélvélg $lto about = 150

8% generating vol t age si wth |evels up
voltst dhe pisTr dﬂVPS 46 gutpuis thmﬁ)@trgh @ﬁe)d@elelﬂ ip gesponss e en ipat signal 20

recel&‘éarﬂd'nﬁh récgﬁﬁe\éfear \P% ds%? r%&fge ?éheﬁf? RA8NgHe gﬁ’ls n'eﬁfbllltlfg is configured

signal 20 recel ectilinear ygona
to sypthibsize gypardoudar ovaveR®rm Ph hepinpeesiggen(t baving cmtamslmown characteristics

(he1gﬁt? Wﬂtg,%s%qlme, fall time, delay time, and the like). The input signal 20 waveform is
then amplified by the piezo driver 16 for application to the dispenser 12 as the control (drive)
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to synthesize a particular waveform as the i nput
signal 20 having certain known characteristics
W@ b@sgba7so wi dth, rise time, fall tinme, delay tPOEUSENG035871
the like). The input signal 20 waveformis then
anplified by the piezo driver 16 for application to
the dispenser 12 as the control (drive)signal 14. The
signgli 16z ddegi¢zoelecttic aasduce withint the dispbreed] Sepumds tale applied control

oo SRR LR B R B P S o

dr Ofitrtinsgs ftr BMmbth@oitild it6 emoddl t @nbothEBsisd tpré@teﬁﬁtne drop ejection

char%?egléb?bsl \ﬁlt}bﬁgr%c(fe or Ot ?c&h% acecgp q?ft ag%nyggard{rwg signal waveform
with [ pahti€ilarvBuidGe W ﬁeﬁ*ﬁmﬁ@rt F)Ie'z@ Wl sPEnsel, 'rﬁﬁ@roﬁis{géh@ér or prlnt head.
waveformwi th g particul ar uid in a particular ty

Modslﬂn%ocrfé%ll@? dige rﬁ%ré}aﬁowlaerﬂglﬁévﬁéwrdf ewlpﬂiy @it 1 porform and
is frMafely Nefgkns At Eiehichﬁ‘g Qﬁéép }fh%lgﬁt %&Horﬁ% 9&%‘3{1&‘9 As interactions
behavi or is especia fi Cul t erformand is
betweens thgeieoy digrenses; Imrocfl wemeé@r cpnnhgeqdh 8uid, pprylisil dhutid pressure, and
rec
wppHTSRIC RSB WREh¥en@Rod AR Bt RARoh R, At Ciobh Eoverea
and @yplbp@bllsmgmn@lrmabmshhp@ and applied drive waveform are
[ drive, wavef.or ns i.nci pal oy
o S sty B b 5L R 0B R RTHouBYg gn ink jot
deviq) éz typiceldy dmmntbmﬁldﬂa: ed‘ctlhﬁeaa od pﬁipg(ﬁia} GeltiRe guldé SIRPB Feive signal

f or jet. deyice |st |caII riven
wavfy S s ol eyt S BB S Difel shgesasly ermultiple pulse
conﬁ%hﬂﬁ&nsdTGMﬁrﬁllych@sha\m\(ﬂ"ftKH iR s way It it 18ltedns defordation of
variety of un| r.or bipolar and single or multjple
the £ i mpligpAD 58t Bhig meniiebr thy cieptipn RARSEe PP eRion through the
orificd] ¥Esubkegiat nve e i@ fiusd m%iuééugd shén LehiHeRBd:! pgpyggﬁal tdB%e signal
ffuid cavity, notion of the f | uid neniscus In
wavepranst hayp alsqkeah eseddpuspesafully in pieze I*ispaapiarst (ln@cr@dxsmne@s) including
PerkARAnGUPREN l’ﬁﬂht fJirDt%Jé&lﬂ ;{ hgnﬁ &lnltg.ugn LRE olSl’bcf{])o ically active
rectilinear or po ygoﬁ rive S|gn waverorms have
substahess. been used successful ly in pi ezo di spensers
ér@élg{[ﬁﬁiss E%rlﬁgsrt& k)fég Ircl)l? %nc?vg lréer%mcl::hqnf or %oﬁgonal-ranove pu?se shapes
for thn sxgnrglwagdnyratedthyvtbe pulss tgamirasr IFEﬁiRESn Zetnatilg a1 gtdpadredemand

piezo Eeggg &g §p81}se{ E% %Yg%t | ]Idj %@ﬁé}%ﬁield %ngjin%l r Igl\*él\?e gl)lllls!esiﬁustrated

in FIGRIRH RhabedsB uieﬁfto g5® d faiatdRSkiABlngr 40 QAr BBzodEl 9 dispenser 12)
| ezoel ect I spenser 2 in the system 10 of E
50 asyto cp4¢ba SEgte é%@ﬁﬁfahﬂ%w ot shabont ¢ piselders vAthm mgpeto@about 2

m/sef aThB SRR trHSE Fediofilal ¥BvApRiARIRhek L O FidR of ZlQOlﬁ”?‘O usec, and
Piezo Tip (the d| spenser” 12) so as to eject a single

wherjgraplified bidle pigzoadrivst Unte genetatsdhe caaBol Hgrad L4 may havd a pulse height
of ab%ﬁ?@ﬂ V%it 2REYURE SnﬁlﬁﬁﬁtesT Goub elpgﬁ{? %@%%ﬁl%gﬁglg:ht by United

Five pulse may have a pul se W
Stateg Bejtent No 5,736,994 for driving a piezoelectric shear mode-shared wall ink jet print head.
It is known in the art to use such a waveform to drive a conventional drop-on-demand piezo
dispenser in a configuration like that illustrated in FIGURE 1 so as to eject single droplets using

certain combinations of pulse parameters (for example, height, width, rise time, fall time, delay
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when amplified by the piezo driver 16 to generate the

control signal 14 may have a pul se hei ght of about 65
wo/ei0s8697F4 GURE 3 il |l ustrates a doubl e- pul se waRerf/v82004/035871

which is taught by United States Patent No. 5,736, 994

for driving a piezoelectric shear node-shared wall ink

jet print head. It is known in the art to use such a
timehvaFEFER FrdtiBusiraiey @ bipoda ouble polsavavifops whictldsranghtibydinited States

I §pe [ r. like t at il lustrated in
patefl RBRENEAZAS, 1 TE b BR bl o ke A3, wotpefy 1 aff ppamineted
piezonmhwimndemsp@mk fixit IpﬂﬁthMrla mbmigua(tfoﬁ nike ltaﬂnluetratéuah FIGURE 1 so
e tine del aytinme

Fl GU
o ] Sinele, oS g B o SY biu hiramrictan e fxseaple, height,
width &u@him@ﬁwmmee del&}i ﬂfn@)‘: Eﬁl@DFIG‘URE 3, illddrateh & b1i)&la1' Multi-segment

he. art g 4%& waveformto drive

pulsg ‘é(ﬁ’fvgg f“ﬁh is/gught by PPEe alaeFatesf Mo 051384 fop pﬁwmaﬂwahon
like that MuseRdd @UHTBURGN for KR sttzmﬁet ejbdiibh By 2358 dipelsbRioiets that are

So as to_eject single drop gs usi hg certain
ﬂnﬂgﬁ#ﬁpﬁﬁﬂﬁﬁﬁ§ﬂdﬁfbuw%€°%aﬁﬁﬁkters (for exanple, height,

W

P iBoortt B, dobatioh St sl PBlvEo LR sorbrBPlibhentiating factors,
suchygg e f0¥1Aa, wpat chnsity, staambﬁwpd@ybuﬂfw Bcé@lltﬁs,a&lnésumEereNqﬂus capacity

ond e Rl et Eb PR WP B bonlfighilR pngpe from sbou
100 pli ﬁk@)Och dqzm‘m%sar St splaciy teplsaliyhdﬁcreaseﬁ asrmday aize tiltaghsés@nd thus a
ej,ection croarr n .
conffeBIRIR sBHICIFe i nE e St EoPRire Ve Susdteging on e
subs’dmtéf é(ne médogmlzétgbf thotoskslledsitiGlie &S that fe@ﬁln‘idai@r p&l al drive signal-
buf fer. sol ution and substrate

basef isge d%awgr"%aﬁglé%elaﬁamommﬁw t ol s g spaa needs of

micré R MgCappBEdtiats, réede H%E%dt&EgEEBﬂHMﬁ' dtop sBBIhRGnS EiPrable drop
about 100 to, 50,000+ el enents. @got spacing typically
volupsg @pd deapsvelacityy sndyfueher dhat geq eigeieds eithen gatelktesfreg or in such a manner

that &Eé‘m@ BRWS HeBleWelaiRlyY 101% hgﬂ{aﬂf@o required in
order to prevent spo er applng o the substrate. It
i slt iseeler reeininpd tih wenk jeit ptisihg andt fied dispertstigtart that smaller drop
| r | | e
AL LATERD RO ARRE e LR e
jet ditperserseystend @p%ltalhameedewdfmmdmmsim‘ a&udhgls primarily dependent on

.~ appli ¢ations road. r.an fluid dro
orifi ¥ FAhsP s BB o8 o a0 et RO it OB By rops re
poterdtiatly Bericrheat, thiddihgdrof cRiggiaf adraakdsiine t@pdrﬁédlatéﬁhﬁtra@@c@ﬁed by the
mk(hn such a nmanne tha atelljte drops nmerge relatively

LIk Py REPER" & e qppngnt Y0Rla RS AR oK BAEIFUARS) being

dispdnb thidkigh Bl sﬂfalléﬂdrﬂﬁe angk thbidforle 8dsHRNE T R@p Melorffitdbize as large as
mal | er drop volunes are preferred in sone instances.

possi d’(hlleuSH@&PH@WSMP%BH&Wqw¢wt%®gmllebé@@ dolmsso i nk
jet dispenser systens appear to have a low limt drop

UN&%&E which is primarily dependent on orifice size.
as orifice size decreases in ink jet

amahwdﬁhelﬁmg th@Présdn teactHiBR | @essthORBegdif and other needs in the art by

utilizing curvilinear drive waveforms for pulsed actuation of the piezoelectric transducer of a
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potentially generated, the danger of cl ogging
i ncreases due to particulates that are carried by the

WO p0506n75¢ hat are present in the surroundi ng PCT/US2004/035871
envi ronment, such as air borne particul ates) being
di spensed through the smaller orifice. It is therefore
desirable to keep the orifice size as |large as

fluidptispsidet. eThehfillié dispensért raapelon bhityis settlinsifeditoghosedypes eorembsly used in

.. .for. smaller dr vol S. S RY Enmbodi nents of the

i B o Bl P Gt i R e P AR ot e
neaflsmboditnbat @fithe prgsent dis¢l@surgincludasi dni appabtusl Eontprising a device that

vef or f.ar pul sed actuatiagn of th i ezoel ectric.. ..
encf i ARG Bre REEh o s b HEaeSTHEvRP T SRFEBirs drid dispenser
respdiﬁwgh?ﬁlebﬁ{l;eé:,ignamaigjédt_ﬁhid,eg to, thosg/type_s conTmnI y
used in ink jet printing devices and/or piezoelectric .
mi FBdﬂ%“B)_é?f%ésr &, mgthpd SSEHPRTF of AT ERYSR e §¥ive rrgnal having a
curvilih 88 Sk edind ChAs YhEdikaLiHEE Bluin ARPEH:E i e 8RVNIERI.NY @
device that generates a pulsed drive signal having a
c uPisFlpseddn an\genbeisient Siaapaveia genpratpr dhadiiserafigeteble to generate a
S ' : js i j8Ct A fliid
solosREBRTS N PILAY T, Vil DBt BleE” A el rocbivEP o selotod
curvifiingay evayeigrmalshaps\and gererages & pulsadatiive wipnelf lowinggha peleeted] curvilinear
] [ N id.in.r Q the.drive.signal..
wav RO o ot Hlycled BSRARE R MEbUTAR Y} B it
t hatdisclosadomibodinmabiidlizes a gensnabalaboselinek ddvonavefdrmato actuate a

plurality of .cyrvilinear veforms es, A driver .
oot i ol ey Y RS Lnglag -G hep B gl used in
ink jaqmiﬁrulag &Sicds W@?ﬂezdélbéﬁﬂc B Gt pehais, ﬂ@gk%ﬁfiles el ected

curvj.linear vef orm shape. An actuated. dispenpser, ,

r eé_pﬁé%%?éef smp?fama?ti wiizes gmalscq erreiligear driveivrvatosp) iatleding plural
segrn® 16 GHO86d MAPaRhaRAl THel fiulid 8Rphs&MaP bEWHP iRt limited to, those

curvilinear drive waveformto actuate a fluid
typeyeepeaBlyr usedra ink P PEREBefRyides MaY/ ob @lezpelectiia migtodispensers, for
exanipldl A€@East One {BRSR Jr¥IRERive WRIOBIY hiSE il ifind 42 Kyak &brm shape and the

printing devices and/or piezoelectric mcrodi spenserg,
otherf gegnesutsnpray. uge dhicsshroeext diffgesti reurvtilinept, | fegidinear pod/ee @olygonal
wavefsthwi | i near drive waveformincluding plural segments

to actuate a fluid dispenser. The fluid di spenser nay

be, but is not [imted to, those types commonly used

BRIEFDESERIFTOR P gblggwrgg? and/ or pi ezoel ectric

m crodi spensers, for exanple. At |east one segnent of
t hé nehré eanlete ahdarstariding of thadisaldsed swthodmanst appanetss apes be acquired

by r"é]‘fé%nﬁ %o QEBQ efrollg\g]% Bgtailéﬁabe%?@tﬁﬁ] mef nﬁk?r{ il‘fl i cfo ngﬁcec{&l with the
curvilinear, rec [Thear an r polygonal wave rns.
accolPhiiyingDhSERIgPWheNdinOF THE DRAW NGS
FIGURE 1 is a block diagram illustrating a conventional system for producing droplets of
a fluid;
FIGURES 2-5 are waveform diagrams illustrating various rectilinear or polygonal drive
pulse shapes for use as control signals to actuate a drop-on-demand piezoelectric dispenser like

that shown in FIGURE 1;
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A nore conpl ete understandi ng of the disclosed nethods
and apparatus may be acquired by reference to the
w0 odos069769 Det ai | ed Descri ption when taken i n PCT/US2004/035871
conjunction with the acconpanyi ng Draw ngs wherein:
FIGURE 1 is a block diagramillustrating a
conventional system for producing droplets of a fluid;
FI m 8-i% a hicek whagedno rilﬁustthtagraaswtem fou ptadating gropdats ofis fluid in
near nal dri ul se shapes for use as
accof:on ‘%llth Ky eérﬁbé’ H&fnéxptg? Brets%lt ea‘%}ng% on- demand
pi B ES 741B dllwkiraesnsmplaty drvilihal wakiefosind for nk&3RIEsylstem such as
FﬂmiﬁﬁgRE 6 is a block diagramillustrating a system for
u®%g droplets of a fluid in accordance with an

enbigdiREe M isof bibllediRgameNtistiaBAE Bisi@sn fdrlfddveRg drdfiets of a fluid in

illustrate exenplary_ curvilinear waveforns for use in
accoglangrayitihy 5%61¢P%QERECBGH'E AChII8SGURE 19 is a bl ock
di agram i I lustrating a system for producing droplets

o MR b o L

DF@&M%M& iRabw meide € FEGURI/6RAEE: therefd HIRE HHoivhieditgrhera system
own a bl ock diagramof a system 100 for producing

100 Blaﬁlé%g oplsif Atk T 28COEIER e P PO P i PRBRR! ckchings.

The stdnD@0PNEIERE ok 88ENbAY PiczddlRtrRY %ﬁf&ljﬁ@{;ﬁah@ QsHERS: @12 which is
| east one piezoel ectric” drop-on-demand di spenser 11

actuajgf #hrgsRonge e &h edecitical gk sisneb 1 ih (dsoeraferradato @Somdmp signal)
figered to as a drive signal)

genegagng@]at%&%elgaggg{l{éé;gﬁ ectric driver 116. Although the

i Alfsrugh thedllestrbisd iembodisesth s vppiezwtec ictdispensdiss femsey wderstood
that {rll% tp??%?%qgaé:gﬁgg E%t S?? ziﬁlsn!e%?go Eigﬁetng%r% I%gn glmng 2)(1:ehz|o ncga.nsﬁcers and other
electtomseabahirak kransdaceds Oztlhbdf usdde €drr examplea mag@dto stri @ivs A€ elestrostrictive

an be for exanpl ostrictive and . .

wansiGe T SU ARG FPRNEH LRI e | Uter GabBieroclectic actuation
confidinspems afclulilng, By cRamsleORCsUbeREKBE adapiliaBZ @@Jeegiem Glispenser (a
mlcrgcgt uat i on configurations jnc¢luding, for exanp

TPERFBY o yise 1B A3Pensing) 2t lifyed ﬁ?né%ma. @s@r@ay oedolologwaﬂy active
subst¥hdek PRt SRLHIE i afrrﬁérobi*‘ﬁé%llﬂg;a h@ﬁ%@sarrhgpl@mlﬂee&wc% jet print head for
|

cont ai ni ng chem cal ol ogi cal active
use i3 GiRensHEAsPrnting 1rgﬁxcg,pppc@alty ligug. n@qppghnghaw ngawded herein, references
to 2 GRR4 !d%ﬁ%{s&n&nofncfﬁdp' @uzcozﬁjf: et ﬁlh‘ﬁt‘sﬂ n, 111%%— ! %amf‘ %?%olgtﬁ{uous jet
use in dispensing a printing 1 nk or sp C|a Ly
dispensw® tat payl §ispease paroovs depds o€ fleids to vafas dyree ©f surfaces for example,

fluids used in assays to be deposited on a surface and/or a container, ink to be deposited on a

surface such as paper, and/or other types of fluids to be deposited on other types of surfaces.
Accordingly, a fluid dispenser can be understood to include ink jet print heads, where such
example is provided for illustration and not limitation.

One embodiment of the illustrated driver 116 includes a high voltage wideband amplifier
(for example, having the operating characteristics of a Krohn-Hite 7600M type device or the
like) capable of generating voltage signals with levels up to at least about = 150 volts. The piezo
driver 116 provides as output a control (drive) signal 114 in response to an input signal 120
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to a fluid dispenser can include, but are not limted
to, drop-on-denmand or continuous jet dispensers that
we2ms5déspense vari ous types of fluids to vari oORST/UYPe$035871
of surfaces, for exanple, fluids used in assays to be
deposited on a surface and/or a container, ink to be
deposited on a surface such as paper, and/or other
recqudpﬂe@n (aﬁNafvlefa)hdgen@atblellﬁe(rﬁ@deaagleQImvmghhe opgtpii;@ abfracteristics of a

rdi
ProgiircPa TR oG eher Bad oty bt P RBSLt  pdFopelspoppuier 124
(or pepha;smi idrScotroer b dath Qrodebdingsddvidei oo prépighmetile logic circuit or other

imtation.. On inment of .the illustrated driver .
procepirepies F de e T DrrRahy emisheraiie 1 6% Gttt synthesize
a pulSdasVoBtinuday Wae:féifasoRe li@‘ilt §6n4t hao ﬁﬁ&ll@%’(é 8drtaGs cuﬁfflhﬁear shape and

Krohn-Hi te 7600M type device or th capabl e of
possqgeiAR sRICHlRG <arecagEicsi (maiudsy iRty &ve figey ﬁrﬂk Bmgs dglgp ime, decay

constaROBean, kpRaMA! dePiatid) ©.01 S7L:, AUINRE sdeh@nlr LM RSBk shape-affecting
out put "a control (drive) signal 114 in response to an

faotombrp lHatas Aefrdne themagisalay survilingeh Wavesyer waynbgsnenligd &y the Personal
comﬂuiegrlﬁx%ﬂ}%‘%i ﬁ%ﬁ&ﬁ %h@e\‘}?%?oy}q”g%qgﬂﬁ kets?;\hﬁ?l%h @agsflgnal 120

ragmat | c
wavelfemi i tteanf angdifiediby hheaplpm duvvall1¢ Gorppphcatio® & (herdigpensknpk2 as the
control @1%@%?%}%{ i(;lgflr lé[%l ezo?q%cttlrl% gag}s 1%0{331;3]\3 1in Ctil%/ &igpeen% 112 responds to the

apphact mrms signat Amd anrl tjeds fleidi (gejerallJlie the foti bf aheok meréclraetn) from
the ggnerator 118 is configured to synthesize a pul sed or
#iti nuous waveform as the input signal 120 having a

C ETHeaphiBzoC i vdr | 1 me afravab@p edifloP 058 QEE ipeosd) %h{ph@ﬂ 124 together
charafterlstlcs nplitude, width, rise tine

accordngly ogg|aaﬁylr\( u%pér Wa\g_qf%gg;‘l E%ngtl%rn]tw xﬂ;gghls cg{ngﬁﬁ:grtca the piezoelectric

dispedl@dtil 241 PRl B {ndeftdoadly .t ktile] B (BEHBAL Be 80Hol18€130inK& not be
shape-affecting factors). Data defining the particular

configwed exacHi a thramesnerrifysiaiedthy HGHRE 6o jlizeide gemedsrg Krohn-Hite
amplﬁﬁ% atf'cﬁ%xyg?drrﬁlggén&a{o?to? feﬂgfaq glglpﬁtjaled gf BB ]I:l] be otherwise

gener at or . I nput S|gna wave rn1|s
configupd it6 i proidugy at Heaspione gudiilingar drivs wWavefomppb i drivei the (p]@zoelectnc)

Lo I
o NSRS it 13 5 0SBt e,
volume sipenddodity, ¢the fappdiveadiquaitorbel dispegyedl Ahladtemativeejoadpwation for

e AR o 5 o ST 0

ggn et@ir@incd ¥&h aﬁwerm&fd&ﬁml th€ eupilih & whadkoin® g&itio8Er 130 is designed
accordingly forma curvilinear waveformcontrol |er 130

to PIRANGeh 2] STl AEBERTT ¢iveh &raBslen diagg, # CoHE peidpea 1shape and
possés&ng\"sbécﬁté% dﬁ?ﬁeéﬁ}a@%ﬁsm th NRRE as&'nlainet‘}pé of t(}h@zo@fe&r&j"t?i’&nsducer

he " control |l er 130 need not be configured exactly in
w1th1tlﬁbe Hpeser 11|2| f@snrwalce@ wuﬂ @gREJf@thlb ehageqterisiie (fohexample, drop

Volulﬁé(% %I}‘cl? fd' eﬂi d GonB&! l%'brﬂs specifically

generator SOﬂ uter éS ut can
tailored Iierruse s a certam dispensing apphcat1on to prov1de the aforementmned drop ejection

characteristic results with respect to a given dispenser type, fluid type, drop volume need and/or
drop velocity need. To this end, the waveform generator 118 may comprise a function specific

generator configured to produce the desired waveform shape for a given application.
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configured to produce at |east one curvilinear drive
waveformto drive the (piezoelectric) transducer
wowdokioer7she di spenser 112 to produce a drop ejBCL/US2004/035871

characteristic (for exanple, drop vol une, drop

velocity, etc.) for a given liquid to be di spensed. An

alternative configuration for the system 100, to be
Alteme@ml)'r breldor| addigionally, tilelpaismal icemputbE4rmaebe configlr@URED waveform
data 1t g Qs iR B B Go BRAR G B ptso S aatoy of BR Havetomm
gmmnmnﬂasn curV|I|near drive maveforn1haV|ng a certaln

UL SEE UERERNHRSEREE 1, ARSThL S SHE Sonvotr 130 i

conﬁ(gmaeléqellﬁ@dme Ghe bf arpaﬁmga lof WhdriRtlacthhle cHviRRAS@Ive Il AetPms. At
rode ﬁ desj red op ejection characteristic (for

least SXAR At ok gray o qﬂx}%l haye 6ﬁer\t,aé1} gy lipear shape yand ppssegs gpsgifipd curve

chardctegidfid. fof BritiRl § cW@Mn g‘p@%f GRRbAI i€ frarkdel Sithin the dispenser 112 to
specifically tailored for use in a certaln di spensing

prodygss Jesizgd &ap eisclinnahpigeicrivie (fr srammptdremeqiunie.siyop velocity, etc.) for

N 15 Qg I
a g“gélh\e/lg’l]ﬂ(p| S%enégfatyfe ;%i&dn?rogiﬁzw({/ §aenW|3e Qoﬁ\%ﬁﬁﬁ{l}; uEe?li A a plurality of
dispeapitls @pplisatignswyl rsednfiguringic leltﬂ@alsdrewdwa\tefmnv@tfcepmcmed by the
e 1 I g€ | £,
conn S804 0 T SR, 304 BAL IR i s 20
acco@mnéedrnoa bglpﬂcsandedriplabmhi foin cﬁhﬂgex iradppliedtionacichhgds in dispensed

.;addi ti onal t he perspnal uter, 124 na be .
fluid, 8&%&% r“éa‘%? m%@ n*'i“’dléctra #5t He Vv %}tXNQG@For fpr this
implahaypgiohOthet Wavelfpl igoRtdiein 11D op&htes Gh o Hﬁnﬁh‘i’%ﬂiohﬁ% @ personal

I n_accordance w th anot her

t he veform rator 118.
Cm@%o‘%rﬁéﬁ? lied; %%V g‘ﬂ?’vﬁ%rt? nd& a0 GRpedisen. crrvefos dfa g (pagts desired

curviGifedk | ivieRRmeist Qold AUEE RERnall cnhdtr B4 by & selected through the
user-sel ectabl e curvilinear drive waveformns. l e

comy OIRrovisien toihgerayeferm sngraton A% smascierconfigire a speclﬁc curv111near

dnve%(ex\é'tlbﬁ BEME cSRAIR: ?Emj RRFeARely SREGH gd(ﬁtgonﬁhly \ﬂﬁe waveform generator
characteristics for driving a Certal n type

118 ¢singd, gfetecthe mayeform meiduior paol debirgdl ¢ureilinigas pavsfenn,larﬂ getection of a

r u C l' istic
certa@xgr%p Fg :dﬁ dx?%?’e'fcfrgﬁg fglt ?H% d?%gt %/1 al ICZ oﬁfﬂt € )mafie dir ctgr théchugh the
wavelfdrmu'gejleratcn Wlltho&t m&ﬁ fot ke wMabbdrmutelSlQ%aIm dither case, a menu of
nveni ent | ens .

possi BN SRR sl S R i B B PY Risslea Yo aRVRRY RBAAR ot selecting from

that mametﬁ@demrd(at}&p@ EOREbSartbient s efRmtshie Rlatdd aBaiRekAs6eh as, for
t he drh % al . A. dlgjgrent d specifical

examics iARL ROH{D g timey fo | §05 s Genskgt, mean, standard

deviaBbR VD de dftké? aAd aRUIKE sﬁ?ﬂ'e -FRANGERHctbR). APRsk Qﬁépb-‘i’élated parameters are
chan es in dispensed fluid, changes in drop vol une

adjusiibisg® ifer op leqxarﬁg@@ QrreORHBHOUS SRBEFT §0 AL éxigchiqugrthe degired drop
ciectioARhSIRIHRE (P exdulife, YRV EIH %‘%cgﬁﬂ%‘fm5nnl lﬁilﬂ%eﬁc%t d gl%ps ofa

a nmanner res onsive to pers conput er suppli
given/ijé frozr eerigimtfid dispensing prbiokl jeterintingepykdatiomy dat a f or

e%herﬂl?&fn{‘ng‘g further includes having two or more waveform segments within a multi-
segmented curvilinear drive waveform. Each waveform segment in the multi-segmented

waveform has a certain curvilinear waveform shape and is defined by certain parameters. The
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curvilinear waveformis stored by the persona
conputer 124 and is selected through the conputer for
wEe@sioed7en to the waveform generator 118 so asP@DUS2004/035871
configure a specific curvilinear drive operation of
the controller 130. Alternatively and/or additionally,
t he wavef orm generator 118 could store the waveform
inclu;ﬁad afaffcfprm segmatissinayebve ubevsaniergeaeraleuratiocamwaseitdrm shape and each
a certai ne.o
seanfi i 2 oo abi eS8 pllamlify cRtFpA AR B inga waveform
segnveatsahDr inclgé erladsdonedul-Fintar We&cﬁorfmyhapmmdpﬁfem f@re other waveform

Co ter 124, In either case, a nu.of possibhle ) .
seange et b et BrSteen B e, T R nl Sh el shaggs in which
eachUgfreforMisbEmérd enayIQve & QifRENt £Epé it di@reffRRAbet dFRcting parameters.

deS|red shage as well as pertipent waveform

Use efpipeel fegmenisdn fardaive vy Loyt man bakenefiial igegmp dispensing applications
wheRMYVdnUerefonGhibe (Ehd®s ﬁa‘rd?ﬁeterc}% Fouhll iEbe SehA¥h fohﬁi%g and ejecting
decay constant, nean, standard deviation, D.C. offse
a dropriigpvingeertain gesg,q@hb@hg’peptgr@tlpﬁgorf exemples glze)mé@@nother waveform shape
(and_siﬁ?‘%?an{e rgtlg %Lﬁﬁr’c@g@h%ﬁ i Sntﬁ)qﬂlﬁésﬁl@%c%s oKk tfoﬁ?foll@ﬁ'mg a main
In or conti nuous nmanner so as to achi eve e
dropchisstieresd asrto nhijiethe Ejortionivd sezondary @tsatsrlll(tdi dopexanpl e, the
st ab ' L .
of ﬁlaiu P(\?/Il(te §‘I; % e%aa%&ngq %f%ﬁl{g}état?] 14 &E’%’“{c}feg ﬁ%(if; ﬁgulﬁj 1n%ﬁu a library
132 jstehng)whvdfémgdaim pThis &ibraoyn ) 32 d&ulcbbﬂ)@dessﬁhlby, fatid pbrhﬁps located within,
i ncl des

the ngiep SBERARY LEP Bt Y HEROTmY PP JOF ot e ek 132 héed hot only

contumv@fa:fd[atﬁlggﬁemvmﬁbat RigivenwdvbfoSag MBRINtng&G WeY Rb&EIRD dhas réating to
near wavef orm shape

ertain cur nd is . defined b
rectiiiggaf g p OEWQMI@F JavelRENS SRS ah%elﬁ\sm ted Wl %%)yas well as

otheh %Mﬁcﬁrhﬁm@ﬁr”&n&eﬁz@%%mféufol/'dsé RE PieBANREO rd'f@p@l‘ihﬁ‘%ea@ﬁgatlons In
each segment i@ have different shape-affecCting
¥

operpigig ther @ngollen] 130 rapensiveyto 2t wer Fhndee Hd (frgay dreopresented menu, for
exang %”%Bﬁlﬁ BB ﬁ&ﬁ'tﬁ@ﬁ‘o@g B8 Rt da@eﬂ%la?lﬁé ¥d b AR w‘éﬁe‘f&%%ef@cted by
pe an one or nore oOther waveforntsegnents

the vserc | Thikechoige ¥d thadessaeh thatgbe chqsm@rveawdbﬁorm polLyfgotha kype of dlSpenser
112 ﬁ'?e%&ft %{?t¢$ g?@?] t'1£§ﬁ$‘&lr8§1ﬁ ?%!;u 9 1[er<‘1n §§egf}]r:éﬁtan%y required drop
gjectidnagieraafetietidsi fog a pEveanappbeasion. USIﬁllIzingpﬂhaltr &dta, 3bg wemitodled 30 would

sendilE el P INEIS WAL BREORORo S G eh e ora or appljsaion to the

(plez(oalgdnbj &amﬁ@ﬁe;gleﬁls)chd ispebendl 120 Dige dﬁpénlségl 112 feggomif Ghereto by
n el ect| ro certaln desjra e

eJecfe}géP%\ yida g?qe generadly i E%beo 08p 9oL pRets) fEnup the orifice.

Vae hedoaah e REth( §t'il!i anbtherP 8MBHEMEHS hd ToAtPVIRE 130 M6ludes a drive
useful in control 2§%nen|scus oscillations follow ng

wavefor pelecion éur@fl@éetln% {§atals opeyable, i ke, ORassist Betliseyrin ggaking, the
corrett 6f %ﬁ@f&ﬁsé’ be ‘AIE tdﬁvéj WQ@E mh @el@éﬂﬁﬁ c;mQIfle gﬁ‘érg 3(% in view of

oregol ng 1 npl ément at 1 ons, he gontro er 13
certaimgbardiepd disgsnsing apgiratiern quqgﬁcmﬂdﬂm dhesa. spatifieations 138 may

1nchld|ebﬁo%re¥(amp g, %gelfl s%ecgﬁca"ﬁgﬁ & %g o?ymorgnoq RE rfglmné Qf&ﬁab?eq type of

dispenser 112 (for example, Piezo Tip, ink jet print head, and/or specification of orifice size),

type of fluid (for example, and in general, ink or biological fluid, or perhaps more specifically a
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the personal conputer 124 and/or the waveform

generator 118. This library 132 need not only contain
wa@l2108/06%5Fat i ng to curvilinear drive wavef or s, POUIUS2084/035871

al so contain data relating to rectilinear and

pol ygonal drive waveforns (such as those illustrated

in FIGURES 2-5) as well as other non-curvilinear drive
type:(haa,néfcotomf fnisror ug@iﬂt kingioébiokigeel fluid odipspiely ilnig), the desired/required

[ perati o ler

dropafgog ne O Vegﬂ ra ran é) l‘glm ur '?)r rr%g%m%? E%Iﬁna%il F()ig‘cgglé% o8 velocity (in
e1themanangef minirexa rp hmyl,mum mduﬂxb it @ther ﬁarxatrhetplamrﬂeltdﬁ rspercyﬁcﬂt&ﬁl which is

t he ta relating.to t ri ve .waveform sel cted .
rele‘faﬂ‘etoﬂg% popliggfion *’é’ﬂd S dEe Sén 8 °f BT RER ‘lsr %‘ﬂ%gs‘é in desired or
requited dfpVEaca b charidtéristicd e Behgrotidaroofpal Spense l%pelﬂfﬁatmn 138 and

presen nd the flui | ssue, roduce t he
accoa%@ ?Oéﬁ’yahfp%a?tm@&y égﬁ%ropnar@a%n fhefupstiopaly éé% F%?HOHSWC to the user
specEtAfi@Et BIR Stould ideflifydord ¥EtheaRBlkl Walck@s b |the | 1iB&hry 132. The
t hat data the control]ler 130 woul d generate the

contgodier Eptsapansige &t the selsgiipa msdaby thedwretiontity 536, sioglddheniopaain from
the fl%ryapﬁ i:h%a&a'tao Beldtfhgt tlaethé %@3 %%hﬁ |1 8dntiE @B OMUE FHinct dlonahty 136.

di spenseéer . di spenser 112°respon
Agatnh énSetebcb‘gn ejncethary hyﬁbe ﬁlngﬁl@ahb' 136 v e(cgepiarmmeysor fmstructions)
t 0 ) e Qr
st 18 ke 0 19520500 STl ARAP LS o,
typed dispedskrel12B&enty tHeftled ataisse, desiradedres sizenandloe désiraddrop velocity)

ti ity 136 that
procpif Sire B, dbu sty SRt s c O, Bk 7 e T ERToMer 130 can
genqms shdt@redpindingnarvel aavafanl ectieotontroDeighdlel Ui for applickBeh to the

view of cerfain user in spensin | i cation
Plezg sl FRsicE e dpeasr E‘B”eﬂ? CEHL S S thggpto by ejecting the
fluid @@ﬂldﬂﬂ? inftRd f&fﬁaﬂmn@ or Wiopd d&?ﬁﬁsb oAb @Rfi6S. BN @hbodiment, this
nore of the fO||0MAng vari ab pe of dispenser 112

seleqtiop funesignatite | 3 oppaakbbering lemegged; veith IETPPWOfﬁ%ble ppipefions using the
persaiy® Edrﬁﬁlﬁ:&tl Q@ nogt oﬁfdnfvlf&l‘fd ﬁblﬁ@é pro%l?é.&%lﬁ’é the Ilpl:’ﬂsgnaﬁ E&ﬁputer 124 with

exanpl'e, and 1 n general, ink ol ogi cal fluid
a depisiph &5 whmhetogldém freoEed fp raesjysetht pean dpesoficationst 13|8rﬁnd dliien choose
the (‘f‘rﬁ\r t\%\’%fdﬁln rgfthp h Bgiﬁatasﬁd[ Uﬁ qih {reesﬁ’e%% (ﬁll &ryvngéaﬁirgr%eters The
e desire reqU|re drop vo (rn el t er a
selegtionifwnetromalitynd36 couid alamaatﬂlya)w plamdl/aabby tﬁazsvadzlefmnn\@hmipt Y18 as an
n eithe g JpRX. variapl e
enha& de g, phratl luag parel;lhr?e rtlosl’lgié | 10 fflrl@l\ll%l El Qlect the pertinent
wavéfetne vliespt-rdlated bﬂamﬁpisl(mhla@,rfoﬁmpteﬁ amplitde, |vﬁdth,enisré&uma‘ fall time,

cctaffe, G hthraA RAFRAPEIIL B GCARY B e AR atUIog i) or the

drivé@ SvaRefdH€ idenBA6d/EHosd koM thedibaiy 132.C OPH¥bE ehdpelrel¥d tpBRmeters are
functionality 136. In operation, the functionality

adjustage in Sk ipsremsIiehar GeMHUASCRIPIICE 4P (3518 aphigve muqiedlred drop
€j ecﬂiglgﬁltafat:%ngf&Qf&fex Elﬂﬁe ahi ¥t§bl¥\@ﬁé§tﬁdﬁrd'ﬁ1nff5&§rﬂ{u|a%r$ﬂsmf§ Yven fluid in

32. The control 130, responsive to the sel ection
acemmﬂuﬁﬁlaph@lﬁgmekaQthtmgann%l@athnbul d then obtain from

RSB, A e A0 Il iy e

waveforms for use in the system 100 of FIGURE 6. The 1llustrated curvilinear drive waveforms

are referenced according to mathematical functions or distributions that define their essential

10
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Again, this selection can be made by the functionality
136 (for exanple, processor instructions) such that
wao b®sded7ve waveformwi ||, for the given user PCT/US2004/035871
specifications 138 (such as, for exanple, type of
di spenser 112 present, the fluid at issue, desired
drop size, and/or desired drop velocity) produce
shap&p edthfthe exddptivn hhetindan sdimpketion os bdatisg feldtdré ba@monly used with

thescsiaeio0 o Bt P oY QATFOBP R BN oh & rte apfinde A

may b@ th@sPtd Btdnatibe willethBicR2RE1ie 6drltiollert TIBNEGSHEA g Wlei‘d]l #hd more
t he di spenser 112. The dj spenser_ responds thereto

specifpabot Wity TSPt 19 the dyregrdidsival #np/qr PRy %%e%%fhe&@elwon and with

furthBP b&hsfieARbE tehen! {00Met e i Aui€ Deink ndléiﬁnfeqb 0GhERNurvilinear drive
this selection functionhality 136 coul'd be inpl enented

WaVQKﬁ)thh@P@cf’é% defined dxdbbmethemetiqeli frmyles amsﬁaﬁ@g tthBIGURES 7-18 using

the fRfSwIQ é $d a%i&fﬁon@%? 1%%1«2 Boif9 ul'd include
progr e persona 4 with a decision
trge whs thh i ‘édnnah deﬂnaltelxewtfﬁ’dmt dota Sleeburespoidingiweime t; =i/ f for

speC|f|c Lo 138 and then choose the drive waveform
fromtHhe |brary 132 based on the tree
den+5i omhel Itotavll nugbpesfalretebmsents thmpseihg the ivameform;
functlon y é36 could alternatively be provided by
t Ha maG% BASHEWAHS® or 118 as an enhanced operati ng
f e@t ur as thEkenplingaidqearli ty 136 still further could
sel ect the ertlnent wavef orm shape-rel ated paraneters
(stich dstheppPlifdsnpl e, anplitude, width, rise tine,
fahl tigm mﬁégtawuﬂqbdmfsﬁ@ﬁmcﬁ%sﬁa&t pulsdRafiios! andard
devi ation and the |ike shape-affecting factors) for
th‘éﬁdr iapelingandscay sAmgRIAL i f 1 ed/ chosen fromthe library
Th?&?@;@ﬁﬁ&ﬁaﬂﬁek%&%‘fkt%r anmeters are adjustable in
elther an incremental” or continuous manner so as to
achhi eves thhenedaisi red drop ejection characteristic (for
exanpl of uniformfluid drops of
a %iveﬁsg%QSJafﬁP%%%g%s%hhﬁ‘1U|d di spensing or ink jet
pr¢ntingﬂmpph&m@ﬂmmnmn,Reference is now nade to
FI GURES 7- Phlch illustrate exenplary curvilinear
§foﬁﬁ%l?ﬂﬁ {88 i n the system 100 of FIGURE 6. The
|hhustna&e@aﬁmaﬁthmmgar drive waveforns are referenced
according to natheg§§%£$ functions or distributions
that def PREeRmRfs st VIR A3Es, with the exception
t hatty, StR0gd6RbnROr Nal i zation or scaling factors
co nnnnly used with these functions or distributions
have been replaced by an anplitude A A uni que

anR lthdu gﬁi St SHIRY i ?I(@[ﬁ‘ﬁﬁ§ '7 1180it R 11 B WRELrE Db Lrhwd éalah bP e waveform

el ectronic control O design in general, and nore
formglae miafyi fgﬁhqrynqmcteﬁhcr e@b’@@t oft peaquiient ippigsepfingl o iRxEr offsetivefue. This

consﬂh&?&\}‘ ke off Veilﬁ]e ﬁ)las éa?@ o g?r@f]zﬁlg:’fﬂg Elegtgﬁ Eol"ﬁ've a desired or

consrdéerati o give
nmﬁddawﬂnmeﬁnpihﬁmémturV|I|near drlve maveforn1shapes are

e@g@ gylilgslgﬁl Jﬁgga&lycﬁampe%rﬂ\l}el%% ?Bg’egl{r{ll?gear drive waveform

wherein n is an integer > 3. The special case for n =9 is illustrated in FIGURE 7. A drive signal

created from this curvilinear drive waveform could have a pulse height in the range of 50 to 150

11
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the foll owi ng nonmencl ature and additi onal explanatory
notes: yi is the ith data elenent in a waveform data
w0 2008/06057 esponding to time t =1 / fs for i =pPOr/UK2004/035871
...N, N+l is the total nunber of data el enents
conprising the waveform tN is the pulse duration; fs
is the sanpling frequency; Ais the anplitude; n is an
volts] Dpegs dlrativarib ée rafigesifn 0 ke (0-.eyc hrekthé followengphhigeparameters n = 5,

dyr ati qn; are |linear,deca onstants:; | is an
o= leﬁﬁgﬁ’éﬁﬁ E?Qdeje@éﬁcwggﬁrﬂlﬁpe?ﬁeﬂﬁttﬂ@"ﬁ@fﬂ?s'w is the
f WIGURREItS 1adstrited fanarmipbhdt@ially Dangpeti NBrvek@Nd@iet curvilinear drive
deviation;, d, K are shape factors; mi s,t,ﬂe gear,reté
wavelrEnWheeing it RpIRestree 1 iLBe Segrbepra iy avi Aisibpris &lﬁl,r @RE 8. As
an exanPlE 2 GNPOREIM SroatBh HRGUAR ALLRBONMY ol wavEloERERng 2 bBlse height of
it wll be understood that each of the waveform

71 valigy wrwlaeduretioniafl B eseciand thedellaias shrar prrametsrs rg- 5, 2 =27 and N =
900 IR BRLARWhER rg@rfeﬁa@é 4 180 ﬁc@itg‘ wikd (ﬁgﬁ,_ Yy Sateldl ffee drop separation,
e on any I (pos 0

const ant may ;a 1 v_a ue ( Itive, negat lve r
fromzee stadagch droductoel BepmPiczo Hiav@ekinddwer sdabnumizes tdf970) at a drop

spee(f {Zf %)é)%%%@a %Oe gg{eg%(ll ?rea%spélls%é%@es&fel l USRS Fh f@)@gﬁmentation has

e
nver curvilinear d
furthevashefvar theseheavefonmrparanetars imtaer sitnaBons Thetngseppeblalof paslacing an

for nn=9.is illustrated in FILGQURE 7. A drive sjgn .
soproxtpaly ol els iy i rivlet GG POl H Bl by spplying
a sinfiRY drife fighA ehdd @hgitave diffehat adjoged of sebfdted ahdROdniers ® a Piezo

pul se duration in the range of 109@&1&1300 nse

Tip haging 3R o,q]éicg Hiﬁﬁléteﬁ) thatisdess rt]%ann70~utg.’ lgurﬁpe‘rah% n%gccﬂ tl}a’p t%e listed

Wav%ﬁgﬁet@gbﬁ@&&ﬁ afyne di spenser 112 to eject drops.
FI E 8 illustrates an "Exponentially Danped Inverted

Si HEURGUP yilysirplen “Beqtified Winpe copiingpedraicrivayefosmarfis an example, a
drive= %é‘l%ig gﬁ%%d gﬁ'omlsﬁf?s SREGEL: d7i98 SvalObr hﬁvigg 'aﬁ)ulsle lh‘é%hf &t @Aﬂvolts, a
pulse width of 13 use'c (full width, half maximum) has been shown to genecrate a 180 picoliter

water drop, having satellite-free drop separation, from a standard production 70 pm Piezo Tip
(PerkinElmer serial number A07970) at a drop speed of approximately 2.0 m/sec and a
dispensing pressure of -10 mbar. A smaller drop volume may be obtained by applying a similar
drive signal that may have different adjusted or selected shape parameters to a Piezo Tip having
an orifice diameter that is less than 70 pm. More specifically, a rectified sine curvilinear drive
waveform has been shown to produce a 50 picoliter drop from a PerkinElmer Piezo Tip having a
40 pm orifice. It should further be noted that the listed waveform parameters are exemplary.
FIGURE 10 illustrates a “Lorentzian” (or Cauchy) curvilinear drive waveform wherein p
=N /2 and ® <N/ 9 are useful values for waveforms of practical interest. As an example, a
drive signal created from this curvilinear drive waveform having a pulse height of 95 volis, a
pulse width of 9 psec (full width, half maximum) has been shown to generate a 240 picoliter
water drop, having satellite-free drop separation, from a standard production 70 pum Piezo Tip
(PerkinElmer serial number A07970) at a drop speed of approximately 2.0 m/sec and a

dispensing pressure of -10 mbar. A smaller drop volume may be obtained by applying a similar
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an exanple, a drive signal created fromthis
curvilinear drive waveform having a pul se height of 71
WO 2006069789 pul se duration of 136 nsec and the fRECT/O82004035871
shape paraneters n =5, | = 2.7 and N = 900 has been
shown to generate a 100 picoliter water drop, having
satellite-free drop separation, froma standard
driveigndUthibi mﬁly Hﬁ/el’ﬂilﬂfé?élﬁadjui'ﬂe@ of fbckadnbhpegraraestdrato aRiekeTip having

o e ) 1SR LR QRIS o B b e gt

paraﬁl@téltslaﬁ{exgﬁgmthese wavef orm paranmeters in certain
situations being capabl e, of produci ng an_appr oxi nat el

BOPIGURGH |1 Bhustiaieey ™ ey pepTv s eloB avhgrely — N 2 and o

< N 2l75Q¢ R} Al EG: Q/Xv@&ﬁ{s%f Qﬂacﬁcﬁhﬁi&e@{r A iaY %xihﬁl@aé drive signal
that may have different adjusted or selected shape

creatpeh Fraprethis cgrvilinear drive v veiopm having g palse beight of &3 giodsnarmagse width of
12 ;,Js%agull %vn!lt Sﬁalf EﬁQmKQl% YHEs tebn SRW & ééﬁ%ltatéeﬁ 166 p%h{%g water drop,

IS ed orm paraneters-are exenp
havirig :z_@;dmie@reﬁ Idrqpsstepmtsm frothRestandfideodSictien’ 7@ um\/RlbzonTaa (PerkinElmer
. dr | rd a
serla&}uéﬁ/nt% yﬁ 0)a M (]hlaf1 ﬁ%d g%( eAX\;\%/gE\l}glfygrdm g€ JTlr%lna élspeﬁﬁﬁfrgssure of -
10 ndiber. ghtsmaﬂelﬁd%op obluse maayphel (ﬂﬁalmdd:tyhap@iylﬂg?a Bmakar Gﬁvﬂ d;lgnal that may

havemirg%{a]-ttagﬁlls{ﬁggg)léglg%%%shaﬁg‘y?.rﬁlgg@%ttgw}? ?]I% gnglfg(eﬂ} orifice dlameter

that SEp&! @k JO,urh.r Aivsleousd antiar be poted ued: ltnmns?tai Ay dtb@Z Qarkinpters are
(Per ki nEl mer serial nunber A07970) at a drop speed of

exeniplatY.oxi mately 2.0 misec and a di spensing pressure of

- 11%‘@1@ 12 ﬂiua@ésl RLogl8P HPilidERr AR WiefRhaiRRSh P¥ N /2 and § ~

ng a simlar drive signal that nay have
N/ H{JWF é‘ls@%]t vaegsufer wavesermsenfaricienl dpigyset. phrdaive signal qrepted from this
curvi 1&1@& Qinue Rvahes R QofiB hg{/% b iGRe dbi ﬁ@al Ghe tRBL of So k$ §F(|) VORD a pulse

Mor e Specl I cal y, are ied sine curvi near
dura@km mehwmngqurﬁmotfsésxs@e@d thm%i/lmwme Sbamdmamewmm 500, O = 250, and

9~ 1 RP bl AR PR 3 PRLIL AR Y, Bloego,Ti P having a

her "be notBd that the
I |EIG§H{E/\H\3eﬂMBmt¢maaTmtgemmaﬁT eureilinnp| driye walv@GoiRE wirein r = 1

corrp 4, e AL RETBL A RS Pl o R i S iperelize cless

of funstednd lwithasibhgisr g}mpeswameﬁ@ EREBNE, apdxg\ee% digall cieafee RSt thisSurvilinear
an exanple, a drjv g create rom t )

drive, FpANTT BAYiER PYlSC RENGEY O JF% Kol Adulse angih e wise (Bl wigith, half

max¥¥n)Shas deH biffviModidhefate 9 186 @fcolifer Matomdel ,haﬁﬁ% fsatelllte free drop
maxi nmunm) has been shown to generate a 24 i CO

sepaggiien frogt & pandaad, Piedudaian & i Biegor Eig (H%BE&@EM%%I %Wber A07970) at

| i
I e ) e T
volump prayxierabtashed by, @pphingee signldr driv sg,@@h dishgap hevssdifferent adjusted or

I t
selecée]pdpﬁhg?e n%ararﬁétgm+ la I‘Zlgv e}? hﬁl\g %{W?@é cﬁﬁn&% tﬂ%qg fs%‘fﬂé gO pm. It
shoubtfurtadrédd noted stenlt &reﬂletéd sdaaepfempparawels lage dxernplat%r ezo Tip

halyf(}'?ﬁ{E 14 illustrates an “Inverse Lognormal” curvilinear drive waveform where r = 1

corresponds to an inverse lognormal distribution function, whereas other r > 0 define a

generalized class of functions with similar shapes. As an example, a drive signal created from
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an orifice dianeter that is less than 70 mm It should
further be noted that the |isted waveform paraneters
wae@soseapl ary. FIGURE 11 illustrates a " GaussPErUS2004/035871
curvilinear drive waveformwherein m= N/ 2 and s < N
| 7 are useful values for waveforns of practical
interest. As an exanple, a drive signal created from
this ctdimhnaau dxivd Wﬁmd havireg avplef hmght lofi 89 mglts apul se ewititi of 19t psec (full

widﬂpT eh rﬂ%{%n{lfa}d‘la% &N Bﬁ%"ﬁ“ g{w%ma’ie ?OA{teg \gatir%op,qmavmg satellite-

free Piof Qbpdirtfon\VBbRAIa liiard fratticign I atpﬁ{ Piek®@ Tip @eridiElper serial number
separ ation, from a stan ard roducgti on 70 mm Pi ezo Tégl

A07 9(792 Pit fep Feed O ApRIPX #-0 Ref5Rs 705 2fHisPanspgpyessyesy -bf mbar. A

smalRP Bfrgg%ﬂﬁieefhély Be &tﬁh&?@y ﬁﬁb@m@g thﬁﬂﬁﬂ&ﬁ%&lg}{aﬁﬁﬁ%ﬁy Rvedifferent

A smaller drop vol'ume may be obtai ned by
adJusémrysie]ﬁ@te@ skapgPPTAelers ipe Ripgnkp hating apatjliegadigmeter that is less than

70 uﬁ' frf &Bﬁlﬁtﬂn@&yr b8 h6d Qlar fiehiSEH %véfﬂﬁﬁ??ar&ﬁét@ﬂ%}@ )&mtsp@arﬁ In can be

Piezo Tip having an orifice dianeter that is
notedithamww}meas fidvd wavieformk dike the invstse dognimeal wasefoing ha been shown to

prodlwi%l us e@%r %E{%nsge%’fevpﬁféﬁéggkﬁl neaE Cidn 140 to ?80r P[%coliters) by

esa ogI-st1 c’ drive wave
adjusting r\mvafcm; p‘drdmeZerarsdc]fd as-pils¢ hdightaael pieled wlidtiral Siedlaf easults over
i nt r est €, Si

. wavef or of practical v al o
ciftel L PR SRS R ot PHEEDSH o8Bl Shiesipeg of urvilncer
drivéhamefoampiéssebdidiegdni. i n the range of 50 to 150 volts, a

pul ur, onlntne range of. 5 to 30 nsec and the
foWIF%ZW?Ené? AEtep o al}i%’f%eﬁ qyrulingsp drige waysiorm e pg q = 2
corrdspind@Gé WaMaR@eR didriBHol Ao R/hgﬂeﬁi)&h%?[rp 11R ah® qe}€F ldefine a
rops. FIGURE 13 i|lustrates a "Laognorna curvilinear

genegplivsdecl g wE fiictipumeitie imijer shapese gt Idé% gigepd cpegteg from this curvilinear

drivd @%mlouﬂ'lﬁ@é é Buid Hé?%}ft WEErSTke oPBE LAY RIB earplﬁse%iugtlon in the
define a generalized class of functions with simlar

range plffdkte 24Agsegrangd shenfollesving skppe waragietgrralN =c300ap edl T 2.omd O = 0.0001
for a%tPﬁt%%ufo\ﬁﬁ'P?e%gpru?ﬁﬂs s Eftooeﬁ%ﬁl%éé ng a pul se hei ght

vol t ec (full w dth,
hak Iﬁmlﬁmmu;trMSmb‘hB’mss Mam/e]i bewgeiingaatigvaw dvkform wherein p=q=

 oB LB R TR, B A 57 e
a gerleReized ¢153s e ﬁlrﬁ:ﬁﬁnsabltlﬂsiﬂiﬂaf shé}ﬂzz 9 AQ)nvatﬂ ghalcireqpedsipae ﬁu@éurvﬂlnear
drive x?%r %}é%alﬁl% Z‘a gglﬁné glpa di Sﬁgg& {g%b\@i{?%rls%}ﬁ%ratmn in the

rang@PP40Vio 240 @se%ldimltwfoﬂéwmg sﬁdpgﬁbaﬂanfe{é?stN%OOhﬁNQq 2, and 00 = 0.0001
di fferent agJ usted or sel ected shape paraneters to a

for aghnging a0 mAiGzAd R dspsmpeil b2t ehBioRY that is | ess than
7OFI@@RE {7 ghowdid 4 "Katyty?éh”keﬁrvﬂﬁl'é%ﬂv@ Havioen Witlelfp = 1 and q =2

wavef or m paraneters are exen'p
correspond to a Rayleigh distribution function, Whereas other p > 0 and q > 0 define a

generalized class of functions with similar shapes. A drive signal created from this curvilinear
drive waveform could have a pulse height in the range of 50 to 150 volts, a pulse duration in the
range of 40 to 240 psec and the following shape parameters N = 300, p=1,q=2,and O =
0.0001 for actuating a 70 Om Piezo Tip dispenser 112 to eject drops.
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FIGURE 14 illustrates an "I nverse Lognormal"
curvilinear drive waveformwhere r = 1 corresponds to
wa@eosngesse | ognornmal distribution function, WhET/E8204/035871
other r > 0 define a generalized class of functions
with simlar shapes. As an exanple, a drive signal
created fronthis curvilinear drive waveform having a
puFEaTRE L § hiustritegen (loverse Raylgigh’senrvilinteh dofe @avafero wherein p = 1
£ e ner at
ond 419 corlshtie Bl PERA R bRy R AP Pt e p P e 0> 0
defirgep ger&ralmeﬂ, clhgsoofi fanatioan dsaﬂloblmrlards]napaso PA doivensigihledeatdd from this

ki nEl unber . AQ7970) at a d
o Sl RS o B S B e 5P B3R ST .  puse
duratidinherangefoSI0ab b&w pste @fd thelfel wevinpshapepapbh @b 80= BY0, p=1, q =2,

p a simlar driyve sjignal that _nmay, have

and {7 4 dodler Heties ad0 i Bigra wéﬁpgwabtl?ﬁa%mr%mss to a
Pi BZ9 nbidd thavFIATIWS QBi1RI &picHispémRdl Hasdshad idfcate@S o LR general
70 mm It should further be noted that the I|isted

curvilipgariiratieparhanst be endgrsgood iatdrisg yavatorms shat san b gagrated from the
gene}aﬁﬁéd fMEYdnk] REA Qrthéﬁs sﬁ@@ﬁ’tﬁéa%s”ﬁe otiGddr ey MYRLS Qrive waveforms

| ognor nal wavef orm have been shown to produce drops

suitagleelor gsepinghel sysiamg é0Q ot FE&M& gidghuseseg vpihén tlftﬂrsgnpelmthe present

xR RAEP 5 by B 4B L LRBLRTE i o

eachové rthejlfbrfegmlegltcudnhlpﬁar/ oirmwamﬂ@as ar evijposs ivnberstobd hthat through

o RRRER G TRLRS b APPSR pER e s s

generdtiotl hhviag @ serdail MyWweldnie @rlrm;gd of sy lelliﬂlésletioii\»@e\bﬁfv@ifﬁfonn and with
ere rr onds.to a Maxwe

respift 1 PRGN BRCETD GG AP RERPS = 0 and g > 0

deTlheﬂ GaAn@ed %ﬂl!pb:ﬁﬁ&lsc b Sir@lincht! eivk ORSvebriR i Peh@hl, such as
A drive_signal created fromthis curvilinear

es.
detela%m%bM%qi%r Febeisi areri{fereal Bemsiae hemetic compeiqng mfeectilinear
and/&f Op&%ohﬁl FRREHR [(for Ra rﬂ}fylle SR QLtiiBhdaP And BolyBEndl %g@foﬂlfls shown in
nsec and the | ow ng shape paraneters =
FIGERBS 2p)=Dge to differgnepsin hamnop@o-bripesitiers tiuatlowgthat the c@mllng of the
o .
o B PRS0, WAV PR L e e
mecheaicel sruntunheiths parficutarglispeeresed wpblrhstsdlffereraras iwelle |L§pen selection
o w51t RLCEHA 80 A5 MIBEE BB R cae
ﬂu1dS¢amtj/ aefoshatjpas .and\ mkmisees &iogiowd thatr ealleth impvovédid®p formation and
rvilin driv ve ul d. have ul se
sepafi{oy FRETFGU o PIB S B BOTRARTDR Soahagfigier dUP R LA He merging
for valGusiran@e oﬂﬂroﬂ Q’oﬁlﬁlegé&l 1 of @pe%ﬂﬂ In fcﬁla} QHésB desiPABREIrop ejection
paranmeters N = % 0. 0001 for

char%f&%rﬁaﬁ ¢ be ?@umi FqVérz il Vﬁlyd]Prgﬁfb ﬁ%’é?s  9fi pulse, segngcadjustments for
partlglﬂ&l%speﬂe%ni-ﬁeddl hﬁiétdhﬁtw%%iﬁrm aﬁﬂlglﬁét%s curvilinear

drive waveformwherein p = 1 and
Accordingly, it can be understood that the present teachmgs can allow for increased

ranges of drop volumes and drop velocities to provide, for example, smaller drops that can be
used to make higher density microarrays, or larger drops can be used to make lower density

microarrays in a microarraying instrument; and increased ranges of pulse shape parameters that
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correspond to a Rayleigh distribution function,
whereas other p > 0 and q > 0 define a generalized
W@L@s®6ws9 functions with simlar shapes. A driREI/B5mnad35871
created fromthis curvilinear drive waveform could
have a pul se height in the range of 50 to 150 volts, a
pul se duration in the range of 40 to 240 nsec and the
provide|sfabig, sajcliitedire dyap qieetiasr siciNthat, 300 exgmple, dropymispRcemend errors in

P di
mier iy oot Al BE R kaf pf e e S80I, O, P e e
RaBtetfenegdt iscnomw lohcenmrn ohades & WEVERBrIm Bbae &:Iontrqdle;s q.ulmach single
recti%ﬁrc? %0 rgroe gg g}agf, tkgy g&%gev:%%%ac? toggt p%lg?c%l ype Io? Hispenser or
prlntgﬁﬁli':‘foa s #ith @hmeﬂmoﬂulﬂ tiypes toopredwde diopiatrh b&ﬁlcﬁlblaﬁtﬂﬁme And speed.

Wity alpEes OB R FLCHEE . B EEE &f é}%[lyrlps:qh{]i%gc%}%rﬁl aelygte agploctronic

wavdférml %@nﬁ/&ie{r S.30 athRiU kG tisHIl 2hiti128s ioie tdTea ranasi@ly 5@ dff&rent drive
240 nsec and the follomnng shape paraneters N =

waveform tyges<(prefergily ofyhe curviimear s brldietheps ﬁbhtapna@y muﬁmézfgptﬂmear
or po&%fi' t%ﬂ%@ 3s Wellﬂ-ﬂa%r&é? t@bl%ﬁﬁcedd'r%r rahées'o"f e%%hd fspeeds for a

epl ct Speci al cases, as I I cat
multyphieigy efdived bfpem 9ed in aerirltipliciy of disgensars ongirjot hesds.

unger, %o%xqocfapﬂa edﬁrbééﬁ?tv‘ﬁé’?foi%r el 'E’f‘ten{i %gﬁ%@@%‘nf&&t §%vaveform

from: enera ize I ons, -as we
contne]jecl 38l cag zbs asorpraedinisa ﬂwldeiispcnmn/g ori inle gat pdniingesystem that can be

r SU|tabIe for use the s m_100. of GURE
used éo g%lacq tﬁ% \ga\(qurﬂai Wp? ﬁ% 0 sebegp L & %"ﬁsi etB rweag%ﬁgpn sfl:apc parameters,
suchtag ampiitnds W1Adht Heughe, Shbdmé,i dEc@MoamﬁtﬁmSalﬁBﬁndm deviation, or other

shapf RIS T greBly Y1 B B RSB G P g oI, dop velosiy,

and $HRdTRE doRRELritihal tHah BRUGRAAX BRT theBREEbdiIRN dlsj@éﬁﬁéme'll“ﬁé’ spec;1ﬁc drive
val ues_can be_ di scerned whi ch woul d provide for, st

wavedprgp ubEFRSr eati b chessn penyalbe (tesi Ahigo Blp%ﬂéﬂe %Brit cah é’é “selected

autoﬁgtlcqu? Bcéé?&h’é'rﬁﬁplfe@éterﬁ%h R R! @ BxanfleVhd %e&ﬁ%ﬁpi dt@sion tree)
each pe a plurality of dlfferent i spenser

eithey vp@d or Embeddafi mdhﬁ: eongoledsP (Jearspecdficagion iipk B8xr dri ve
IFJ Wa{)@foxlnlp cgg@(ﬂe?l 1305 hal@é ﬁo %51 égfégtn@f 9(W1d 5 number of
itferent #p ns

analysis, are rom-t har noni ¢ osit
distingeftly rdfFeret d:rs'arwearnﬁhn rtynms | tklfg cthér axgite bo failsto(dxorte dlfferent vibration

modes)&ﬁl:gp n@ﬁé hc%mrg)qg ? %elgg ?1fs% nsedy gl%nalthew?ecg'gr%gc%mcg Wicture of

fefices 1N Harron
the dispeImes oit prinn hedd befigy hseivs Tipiadllyt the sicapel pf eaed) deifve twheeform type being

ut1112(§1Lifr vl n?cg%stt%g!co\f/ S{ﬁ’ vef or V%l{i%&i gdrﬁégh%eg%ngo dcll‘gps velocities.
Inchﬁtﬂfrgus:tmmapm;ﬁtytéfedlﬁarehﬂ e A kvatifoRe AFRE ikl SR waREofin Rentroller 130
ferent as wel | Upon sel ecti on of wavef or m shape

enablsa fherkspades! raneg o3 disg R T Fhop dehositirpinde dispersee g particular

dispRY & QrBL&A ByfedbS e frﬁlﬂﬁpﬂlcﬁ?\éf H¥iadgfe’ &H@Ea@wu@@% satisfy a wide
meni scus notions that result in inproved drop

rang¢ of engtuises Rpplirdtions.

The aforementioned waveform controller 130 can further enable fluid dispensing from a
multiplicity of dispenser or print head variants, such as those having different orifice diameters,

orifice profiles, fluid cavity lengths, or material constructions. Such geometric and material
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separation characteristics, such as satellite-free
drop ejection and/or inproved satellite nerging, for
W@ 20065060559 anges of drop vol unmes and drop speedBCT/US2004/035871
particul ar, these desirable drop ejection
characteristics can be achi eved over relatively broad
ranges of pul se shape adjustnents for particul ar
diffemnggse peserelaed pP | differnecss  inf the | Wbratier efthatmaturally occur in the
. ) di. S ' o
cloof LA SR der o pribalt Snd BAGRELAL Sy 48 o g
dispgseddr op vol umes and drop velocities to provide, for
ex I ) dro t . be. us to make. higher :
Gens FeroHRe Tahraty 8o S o BARIELY TG VRLGu 3R having
adjuststie shapaeparaestads toan nhesr Hailitay Sndreasal rAngesoaf dapl idumes and drop

i.nstrunment: and.increased ran f pul se shape .. .
velogiR ol gitacr o aris G FRRSer PR BSfEF PR g ogfispensers or prin
heade}ypes i(Q0F Sxi@dpld, dly, ahdhighX demite, miiPrapd Toh aECHRAE in the same

. errors .in mcroarrays gaused by satellite formation _
MICTRAFYIE IPEERAEH USRS BT oRIPARSSE, Willeither Sifcsamer (i ogfice sizes);
and M1 a"RERr trdhde! SUBRple typREBo ARNELMNLET BrobilekAihp8, fhore end user

single rectilinear or polygonal drive waveform t hat
appligationg eyrebeorsbiefidyr a particul ar type of di spenser or

or . B Ll L d .

hrﬁneréﬁg:gdlfr&ﬁt, A3t attllanéﬂﬁacf bl cdnbrbfl 13%@2&3.%&f%%mpllshed as

produce drops 4t a parti ar vol une an
followef diinsiadlae dadavpointsFlo@pPREIng theedrivgdivavefirs shfipd dicinress amtcalculated

all Lacl u n el ectrani c. .waveformcontroller .
ond 4SBT Ak 5 00 St SR Rl Rl it gpocessing
and flef saeing mbpabilitiee Wawefeform dypéite i€ prefwndbl st of nterical values that

cur.vil i near e, . but ha ddi tionally.includin
defireg e VR stee s er T S Tasta SPsRIoRs sfotestict & Mathcad or
Math@irRe b @alDbOadde o Er@itg Bfes®vaetfeh ¥4 BI¥E Sor 316k1a5 MRSESnh 06mposition
a multiplicity of fluid types as used in a

softvyaLe {:a}npl?el (}ﬁVFlyp USHiEsHRFRSTATEIRg laﬁgqalgf. Nethgmatigg) formulae that may be

used ¥GCUIHRARE %na/blepﬂawaﬁ%%he R SRl \bi\@fdrﬁ%gpe@fareeﬁ‘l%tfh%rin FIGURES
applications, a waveformcontroller 130 can be

7-18i ncorporated into a fluid dispensing or ink jet

Pr §Qbhd%hs Wakveffih Nita BRI P&iddSHvE Ors SbRAlin € AhidRr 130 (for

waveform type and to select or adjust its waveform
exama pea pemarsesuek es the ibtaryalS2hnpl i t ude, width, rise tinme,

fafl. 11 - n . i.ation, .

o Third, (BFon SE R RANS, 2 hecieihoa SEOURD (P HOEE 180 op selection
136/t3%)) the tactupls waeorns pudée ia sradtedpbyvequentiallyl raaging ehe dath ppints y; that

and satellife caonfiguratio that are suitabl.e for the
comiis B sepeie SeEnom SOtk s D cofveret G RiFe VALK Gr Frpetator 118 a
eithadtal firicdest apoddljisebhagPlingrfogihty f(Beeprotiiey £ abvdlt pulse of time

134), or it can be selected automticall ccording.to
dwaﬁ?tbéeff@?}iﬁ%fe R ber Fav e Sxaffphe ,nwa@ef\éjb@%m% iy fheglata file
compeFleSthO Wab 8@l stabé. Meinisd O tBEli " UatLIBRHA §is iBtefoliBed by the sampling

control ler 130 (see, specification input 138). The
frequgacief spqerdivgtortt 1/ 130 can al so store and sel ectively

prﬁéﬂrﬁ]l,e vheAWIR&5on@8iter 130 receives 2 trigger signal 140 to eject a drop, the
waveform pulse is generated by the waveform generator 118 using the D/A converter and then

amplified to the desire pulse height (voltage) through use of the variable gain wideband amplifier
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distinctly different drive waveformtypes that either
excite or fail to excite different vibration nodes

wo bas/oersur al |y occur in the fluid bei ng di spePGEUSBENG035871
in the el ectronechanical structure of the di spenser or
print head being used. Typically the shape of each
drive waveformtype being utilized can be adjusted to

of ther pieAoddrivsarld f.c Mharresudiingeeongpl (irigp) vistalidd astates thsptransducer (or
%m%ﬁk\%ga%ﬂ%@gpglﬂﬁ%& Jgqqgul tiplicity of different

rmtypes 1 n the waveform controller 130
enbibgasral, hibe lsicomdedop vahige afl dvp el arescatrdllet by selection or

. velocities tqo be dispe d f.rama.particul ar, di,spensger
iR e hE Ratdont pls BEERREo L AT RRED (bt Bhisf pRREGH Bl anc
the tahgd of athibebles &@pt whandsi aidy vaoaitideisralagd of thendlediséror adjusted

lications. The afore tiqne veformcontrol | er .
wavalRB et COainol oF mlse QSRR G BRI Tiriinean be aohieved by
chan@ilet th® | dnilittlér @hindiRIPBRSQMpAfig FregiénceAFpatavdIANt ShesS Udftstments

as those having different orifice dianmeters, orifice )
effecrgfvelyis]trgtgt’l of FQ}pHe%saz\pfitn}agpgy] §t H%—{nagm e ayavgform shapes that are being

gencFAAShY et WARSrmSod&oret 'H €. 3fdet BRI BIhGkdbdn| GELHE fRde to the
are related to differences in the vibration nodes that

wavefgiyr al |y occur in the el ectronechanical structure of

t h?hed hgtﬁﬁn $% oPnePldnibudierd @bﬁgﬁe: &%—%a@l@&i fea %Jr!ﬂltg/ R different

flurd bei'ng dispensed. A contr er 130 that
wavéiproshapeat d§ this reahtrelisk 180 tiy eqfipphdi wih wavehwpnmiratippe dnterface (for
Vi [ At . facilj
ol 119, 30451 AR 00BE CLTRLEOE S ORALHE SAE) 118 o
shapty amttei ¢dneplla [Br fromudraextelinglpsnseer (sach pg b donipated), ovhich may be

[tjplicity of dispense or_prin S r
COmEnés% ofher ICS%‘P‘étﬁ‘a Vit %%eﬂa%r%ifoe ﬁxaﬁﬁm&?%&i}%f% ﬁﬁergéi 3‘%&} © puIpose
of profiding@reabRupF dde O fledd/supfort dShItAllFE ProdustsNg

m ¢rodi spensers with either the sanme or different )
or V¢ eebadimentcan grploy Al Fleghrogic v axstormaaegolir 144 piing an electronic

interta¢P pd t Qed@ni #LRBSLuchl Bht SpeafiR! RavdiBthR &MdLd!Y6Wnloaded to the
tgﬁpllcatlons can be satisfied). In one enbodi nent,
con

A fgh e anersepal gREP LIS oTofomPHieT BefferkorIdesaversn thegaéroller’s memory
(brfkGF PI5P ! Ttﬁ@&?ﬁ@ﬁ% QLbIOVRe waldfSim ﬁ&rﬁ%uglal% B8k ﬂé%ra%erdeeither locally

nmprising I ve waveform shape of intere _ _
or readtely | vtte wavefdrmeatheti rdsolve padivelo pppligaticn pioblmgsirnyith new drive

e I 0 wi th mat hemati cal processi ng and
wav{f?{%s aé gfg/%r bECONT J\;aﬁ'%ﬁ?l

ng capabi es. A waveformdata file is a
s elaeypiezdeldciritacofated umejel aalispeadingedevideatthaias, idispenstisd 12) can be

ef or m.shape... rci.all vai] apl e applicatj q v
oprtl T iech SURHF P gyodih e nfP g s Bl pgror fr
refers Go Cdheadigy tHtepelamgvell thendrtlat wavefdreis and EheSpotingasf the piezoelectric

vef orm conmposi tio of tware can he.devel oped using .a. ..
franggpesy it g 1&&%&‘2@ g e R FERPRER i e e OWE% is initially
expalﬁged to cause fluid flow into the chamber and then is subsequently restored or compressed
to eject a drop through the orifice. The reverse process occurs in the second operating mode

“fire before fill” in which the volume of the fluid chamber is first reduced to cause drop ejection

and then is subsequently restored or expanded in order to refill the fluid chamber.
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used for cal cul ating and/or providing sone of the
wavef orm shapes are illustrated in FIl GURES 7-18.

w®emoned754 he waveform data fil es created abovePEr/ES2004/035871
stored in the controller 130 (for exanple, in a nenory
such as the library 132). Third, follow ng sel ection
of a specific stored waveform (by choice 134 or
s€eT IECttLirmhnéhBGﬁSke%&baveibm asel alacosedapéowith punitedinients of the present

teach?r?.g%at ¢ eh;gs%/efl gvgc eﬁtg Z'Ill %efog% ﬁdl” \?g f %rre%eﬁoﬁt ﬁll’pﬁﬁegtt%gﬁiodes however
the peRriwedsfited drive vtzdwefdma\t@isobmeg@tbdnmamrdhﬂ& \aith @hichef tt@se operating

modss it G568 <5 YD LGP oF BEPBFOT LIS TR o LSO B ey oforme

illustt@edNirt FIGURES, 7 wbeatre Nowrn Lwitls cefin ndbafacterififc pbieAm®dd] She present
n the data file conpr|5|ng t he mav?forn1sha pe.

teachlét}gstaﬁ@ inglydefhs spmg @ﬁ@ﬁyavy ofs Beiing pRlsdiss BQPQSH% to 11-1086 de%mted n

FIGISRER 711305l /618U 8 e Herfrdred Ga Q1 &bkrBsic tvavkformt donfroliéd-that can provide a
Fourth, when the controller 130 receives a trigger

numbsr gf distinetly difiereptadsive avadefopn shaves With &praesibiyp ged hegative polarities
is us&Eef &b (réjean d’l tﬁlﬁ% g&fs%é?} %@ﬁ%@aﬂfs ;i}gelgl\lﬁ“ﬁﬁb etfhl? (Q/ Bre before

convert tot esire pu se
ﬁll”b;@irc'ghgn(oel@ltage) through use of the vari abl e gain

W Igebfﬁ?tgxer as e e{t ((%Iflqantl‘yCde Ul 1208 fﬁnc_klver 1ril' 1§d1 10n 1% Tll-llose ilustrated in

resdl g cont. €) signa Pty
FIGURES 3-d8.002n b medaa taladlite nunvﬁmaa)wavfsfohh @hffplcm fod usk mpedwéance with

112. In.general, the ej vqu and dro .
the HjsPi et o o5 NG PE AT iCet GORHUR BI L Gueen{tgris, minor
imaghd) Candetheit Ghiveried lpourified gi AROe ﬁtﬂﬁed o/ ehib@ge) cudidhdar waveform

pul se duration (tine and the range of achievabl e

shap%frfebu%ql Aexeigrp couiroder 130da apcordapperyithy thegrespt teachiogy: digta, Chi,

Chi 9{uaﬁ:@l misheed ZV\@\éﬁr&r MsBOanpett BRELRIMmOTalpy blsﬁ)g—meuC? Map-Airy,
hei g t/an(F i t ude and pul se duration can be achieve
HBs

Norngd) éﬁgp gy arpprdent’ %z, paform en, an Wethwp| |A<g§1n positive or nega‘uve
D.C. o&“ﬁ&y B¢ ¥e addR8 REGLYeY, cg'lr‘% ge@ﬁ%ﬁ&qjaﬂy%m%%ls?ﬁgutﬁﬁfé rBfidns.

tretch or conpress magni fy or ‘de-nmagni _
ma&gmgmrsh@msmh@acm% afyeniot Gjnfed é the éqiegiyng ¢¥amples, but include

othefl\?.lr%fhg«gamv? 3”%0%1% d\%%‘\g/)e g)rh%heg%{cﬁe&t e?gépﬁg%gpg‘%v%ﬁxgns may be
defined Matteidati¢ally 3 Bocaxiamble, fhe dntap adegontritial dia.tr@lmgtallnilstqsacbfo define the
i f ent t hi trol 1 '
v b B P SHaRE coh s SO Ol S e o
by aUBBkupREabR38f ifdekall t&hpingPAdRrs.i tIni &ithad 80 (RS ikhhsled, Ghe essential
update the library 132 of gﬁveform shapes i

the . .
wavecf@}m Feas a i%@’efir%‘?‘ﬁ WV B8y B9Yide é:oy(r@areﬂl égo;hejecuon results
whef @ERAhFIRY fackdd &8 siliB¥1 RS 0sen.

It is anticipated that all curvilinear waveforms having a positive or negative D.C. voltage
offset with respect to 0 volts, which are otherwise the same as or similar to those defined and
illustrated in FIGURES 7-18 or to those additional curvilinear waveforms aforementioned above,
will provide similar drop ejection results and therefore lie within the scope of the present

teachings.
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connected to other conputers via a network (for

exanpl e, LAN, WAN, Internet), for the purpose of
w@e@gioci7ag product upgrades or field support tBCT/US2004/035871

i nstall ed products. One enbodi nent can enpl oy an

el ectroni c waveform controller 130 having an

el ectronic interface and el ectronic nenory such that

sdeds drticipad efiad rors oc anvrdef the wnivilasadwevelarg dissiisedhdrein, or the

. froma.personal conputer or c ut.er . networ k d.saved
like, ¢ {;%gtﬂgzgﬂt%? gqr{necr e vreywa(vlefogﬁaﬁhﬁg mf@"?? aﬁﬁﬂ 1511101ty of Waveform
segmeAtp abivai-dfyrnepelkds Siscliiiag waipelho it o Giol 0 Isb@tients3 that canlt® used with
" ueﬁg{aded ei tﬂ?}r | o aI(Jé%r/ or renot el .vxq'uth vvavg.for.rrs o
the prasSRt [7AcRiBEY el hs-fomPlss dEfve SEFIOERT P INSPR P SHRDBAIGR qfjpurvilinear,
rectilRW Adlo¥ BoMBXMR REvERordSstki®y becone avail abl e. Many

pi ezoel ectri¢c actuated ink_jet or di spensHB& devi c

: es .

(_twaffle ithe c%lbgq S\@q-vgfog_qg)an@ mvg,f@rr% Fg@ptgtl@a . disgdpsed herein have
been Aebhdhatch Yo B fideli g6t a &b)-BE aPR&RSdisptR&rd drldShk jet print heads, it
~operating node "fill before fire" refers to choosing o
is antipipatpd|tzatithepe oraveloamd phd evaviefowt epmcliat maberlyoobq nepfdtior driving
contipifi RLCRAREEE! [fout LB sRUAR 034 kg Mol Mol Graying
coatingior btk nonecoptaniofbud disparaing epflicefiahsf | ow i nto t he

Ch&sﬁ%srcusasn atbro]\ger,] Wave OUb%eﬁ]tHen&lix ﬁ%sf%]lggtreo%icogontrol 130 are not

conpressed to ejfect a drop %Zﬁroug the orirfrce. e
necedsenigrsgrigied te e doremestioned tchevildeasidpap e Additiowpl deicte waveforms,

h"fi re. eforelfi 1" in vvh{'.r]h t(ge vol une. of the?)ffl ui d 150 b

such 35, pa5tifngaE pqlysopal, SERMEYUtl, 2pd PURST FOBR ST B PRI fan also be
incorbBtedi ifitoSThE SeRt6it |cyntidlRet ABE dlddk Wiltp dfneEiheArnwaNelRins i order to

refill the fluid chanber. The curvilinear drive,

suppowh viable drap cjrelien fon bipad srngesRidIwd BAcSARM sod WiShTcguiBTMSnte

PresSidheeli§ AGH nES tCAGURE VS @Her¥ktett BihdWRT a bibblt HiaB8MQITE system
fire" or "fire before fill" operating nodes, however

100" fereprpducing drgplets of Mefld ity acenadaagcith il embedistente c Tlrisysipm 100
. I of._ ; .
e RICESS DM, oty 4158 SPEEA | 0 PSS B i rspons
to ant ¢lentrdchli cantrol Wigndl d 14 dsadrefarrsd wave b drive sighdlgdnertedcbyi sncurvilinear
El GURES 7-18,.ar e, shown w t ' I rishi . .
v B L S IR L0 A SRR e cvain
configarmdomdr inchudivgy ebo reramplay ianspupedeatyipt | @pillapp odict eick® dispenser (a
. t(ﬂose cg;eFi cted i({; FI GJRE%E7-.%8 @S' wel | . Fuht her nglr S rally act
mictQHRENREDk [Brit'E MeVBFBYIR Eoit T bPPEF IR AR Y B fifgeially active
substabded €for @kanthi& tih AGkitiadlifideapilitatidh) vea piaveidri itk f §sinting head
W th both posjtive_ and neagat ive polarities is useful
forufeplln d&?@ﬁﬂ%%{qﬁaﬁﬂﬁ(%ﬁ?% Rﬂé‘ﬁ&ders or print heads in
ei thedurvifihdat whekahEconirbBer 190" indlades aehaioRadd wideband amplifier 150
operating nodes. It is further asserted that many
capabie safrdriving eapasitive idadn vithi ; repsenebivofist Yew Haigeand generating voltage
signdld LHB! LIS Ep PR ATI S R Den YRRALER Igﬁktml Rhfine. The

curvil i near  waver orm snapes for use in“accordance wt
amplifier 150 outputs the control (drive) signal 114 in response to an input signal 120 output

from a digital-to-analog converter 152 that can have, for example, at least an & bit resolution and
at least a 1 psec sampling rate. The digital-to-analog converter 152 receives a digital signal 154

that is representative of a certain curvilinear drive waveform which has been selected 160 from a
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the present teachings. The follow ng distribution
functions and their inverses (that is, mrror inages)
w@ees0besy i nverted polarities can al so be utiPCHES20040035871
cal cul ate curvilinear waveform shapes for use in a
waveform controller 130 in accordance with the present
teachings: Beta, Chi, Chi Squared, Fisher's z, Gammg,
wavefforghkiprarfi 13ge tMoempediidallgnthe Walveforno fibtayy 1 ¥ stowgs Idpta in the form of
fl : !
el G Huep NI e e P AR P g g ravetorn
shapdd. By whdisgtiss dey b ofid destefbon viata dfl© andsapg biirey i toettic fiigitat-to-analog

the e distri utl f unc hernore,. the
conv i 4R RS o e YLt (el KA oI b bsequent
amplEficaig 88, thddpplidd€ibhifbah@pidsy dispenyerllinear wavef or ms
regardl ess of whet her sucg1othe curvi.linear

melpcramgling Heqnenst i atukicl ewgﬂve g datedmfrad oug ol Iiffrérng 132 can

be adihstQXROSAE fo2dffeClRiP I BSkrdl &vEB thd SRatioR oFehd ABvilil&ir drive waveform
waveforns illustrated in FIGJRES 7 and 8 could be

pulserehiriaéseiprbisd & tho piprofispansetarpi diis adjusineant pyer gampling fequency is
effecwgh%y%fwé@ ﬁ%aﬂﬁﬂ 15065 AR prc&cﬁc@ {Hel'bﬁ élﬂfealt @Ev%?orm with a
exanpl es essentia

, maveforn1rena|ns
&mhmh@@pemhsbmﬂﬁhyn@p@ﬂwﬁ@m@ohwﬁxabkehdﬂﬁpaepeeﬁbwnﬂai&mn%hgmn

adjuﬁtuﬁgnl’ﬂl ihStn %\'ha %’1?16 &gﬁnpj{ la{;ﬁﬂn%t? o@rs%le&%nsa\%ﬂ)f r%{llgaeﬁ' sampling

I'sah curvi I'tnear
frequbanyi agl gamcﬁfetu\mb/ stretahegnatom;ﬁe@ aad magmfyger dd-fnggtifywihe hselected

ect to O,volts, which e othe ame as.or
curviiea vehelofn LD Pt 1 Gl E ool TR RrRh shape-
affectind Sar@hett®, dshagies addt parﬁkﬁabrs cmay/bé defertd bwaheafsexr %, reference 134

. forenenti oned above, rovid im.lLar

in FI@P%& Do evieRansely a%ctidm% Feerlrences AR ﬁ@ﬁ%@e of
t heheRfafSRAhink @RCANIBISoat WateforAR AR ahRlicl BRh %&mpéomputer 124
nore of the curvilinear waveforns discl osed Rere

(or offse npfwesk of dafa reniaction) Ach & ntrreiowphe tibery | é2. The Tllustrated
libr QfsWr&BwN%?er' cﬁ@al fdfjﬁlaﬁ’y %ﬂlh@t'sﬁ ak:&' (1Hélu&iﬁé’ 8098 &scyssed above)

egnents or waveform pul'ses, 1 ncluding unipolar and/or
and d¢opeainancledegmavefosm dataafpr rahlinser orsedysanelisheries (prck getiiose shown in
FIG Q gs. The conpl ex drive waveforns may include a
|n ition of curvilinear, rectilinear and/or
pdT};egxeteaﬂlom\m%o‘fcard&rta;h apesf thV\hsialva”ohimfrmu rthd libraxgdi32 can be cither a

v.ef or trol.ler 13 cl osed herein
user WSS BerroREREnaTT 41 EIPCE 90 CLSCHkalo1 B VAT Piage Tom + e of
optiofls 0P aIQ autdﬁamam deletidp B referaitds il 3K andel38pini HIGUR@@)Sof dntidentified
is a éPated t hat, t hese, wavef or ns

wavef or m
wavelesit 1B gAY P B S S Sa?q?ﬁ%%rf&% 1B gryeform shape

adjudt&@t156 ﬁiﬁ'}&@&pﬁ& MBTctPYste@BPhdvil dcORS to BOMRAM fhidds p@fgrammed to
printing, cell sorting, spraying, coatin or ot

requapgﬁo rsritigear 149 gyggald’prslggﬁgpg@ulgepgﬂnp@g?q further respond to the select
waveform 160 signal to choose the selected waveform from the library 132. Additionally, the

microprocessor may be programmed with instructions (waveform selection functionality 136) for
making the waveform selection in view of user specifications (reference 138). Control over
waveform shape parameters (such as, for example, amplitude and/or pulse width) is further

executed by the adjuster 156. These shape-related parameters are adjustable in either an
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As di scussed above, waveformnms utilized in the
el ectronic controller 130 are not necessarily
w0 e®snewsed to the af orementi oned curvilinear BEEPSERN4/035871
Addi tional drive waveforns, such as rectilinear,
pol ygonal , exponential, and other non-Ilinear
wavefornms, can also be incorporated into the
incremlentgt prosvintinews tnaphéreso 2830 aelienethevdedired drap ¢jeatien characteristic (for
V (o) . 1.0 S . e P . 1 .
exannfts e Y 8 SR Bl SF %0 Mo ERMA Bpensing
or inRef prigingapplicationy. rade to FI GURE 19 where there is

ar QHouBu s oo BT e oo BB e Bl b ot

in thd B&ogipaiyeng DOHvingnaldudbesibat i ersforepbidg (Deflee IDSirpition, it will be

dr op- on-demand di.spenser 2 which is actuated in .
unde{ﬁ@@ﬁofﬁgtegxeggiéﬂ%@ﬁ e@ft?? afn]aiélmﬂf%?s &reghd g {1y embodiments
disc16<R8 ekt @ft daPatAS oPmhdri@ r%dirﬂﬁ?&r)lelﬁ@ Reddi@HorYand substitutions without

curvilinear waveform contro

| ) g | er 130'. The dispenser
deparing fypmy thy spigit ghibe sisclossromsthodsi 24 sepaatts P%sea&r@a%nﬁ&ﬁﬁned by the
followRiglclgmg. at i ons including, for exanple, a squeezer-type
capi |l l'ary tube piezo dispenser (a m crodi spenser) for
use in dispensing a liquid containing chemcally or
bi ol ogically active substances (for exanple, in a
m croarraying application) or a piezoelectric ink jet
printing head for use in dispensing a printing ink or
specialty fluid. The curvilinear waveform controller
130" includes a high voltage w deband anmplifier 150
capabl e of driving capacitive |loads with a reasonably
fast slew rate .and generating voltage signals with
| evel s up to at |east about 150 volts with very
little resistive |loading. The anplifier 150 outputs
the control (drive) signal 114 in response to an i nput
signal 120 output froma digital-to-anal og converter
152 that can have, for exanple, at least an 8 bit
resolution and at least a 1 nsec sanpling rate. The
di gital -to-anal og converter 152 receives a digital
signal 154 that is representative of a certain
curvilinear drive waveform which has been selected 160
fromawaveformlibrary 132. More specifically, the
waveform library 132 stores data in the form of
waveform data files which include sequential |ists of
nunmerical val ues.that define the waveform shapes. By
reading this data out of a waveformdata file and
applying it to the digital-to-anal og converter 152, an
anal og representation of the waveform (signal 120) is
generated for subsequent anplification and then
application to the piezo dispenser 112. The sanpli ng
frequency fs at which the waveformdata is read out of
the library 132 can be adjusted in order to effectuate
control over the duration of the curvilinear drive
wavef or m
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pul se which is applied to the piezo dispenser 112.
Thi s adjustnent over sanpling frequency is effectuated
Wb 008/06%15€f or m shape adj uster 156 so as to pr oRPCIDES10N€035871

curvilinear waveformwi th a desired shape. It should

be noted that control over pul se height can be

ef fectuated through gain adjustnent in the anplifier
WHABES CFAEMED; I§st ments or sel ections with respect to

sanpling frequency and gain effectively stretch or

conpress and magni fy or de-nmagnify the sel ected

cubvi | iNeEP2REFesHIINSEBape bei ng generated by the

COPHERLd @bt dcdlrates NERR ehoiip shRRe3hE 86t Gurvilinear waveform

paraneters, as well as other paraneters, may be
shapgigindct ed by the user (see, reference 134 in Fl GURE 6)

R T R R S L il

wavefornms may be supplied by a personal conputer 124

_(Oj. ot e &%Wskopﬁlagﬁ‘tlav@l‘e&ﬁ?@ﬂei ﬁﬁl)d Hﬁ%&l@eri & a piezoelectrically
interfaced to the library 132. The illustrated library

actuat@bdrep-on-demepdditnsnsardat a for many curvilinear shapes
(i ncludi ng those di scussed above) and al so can include
wavef orm data for rectilinear or polygonal shapes i
(stich akher aparatus fvikeimn2 pihergmethe niepoeleqtrgallyegciitatqdodispenser is a
Pmm}@%.Of a certain one of the waveforns fromthe library
132 can be either a user choice (see, reference 134 in
FI GURE 6) of a desired waveform shape froma nenu of
Op4.| onsngérapgaatay bodBhEwhetif Sld fidkobiB@fcallyRlRERAARFenb&Gs an ink
- and 138 in FIGQURE 6) of an identified waveform shape
jet dBpesstthe |ibrary in view of certain user specified
criteria. The waveform shape adjuster 156 may conprise

a [ craoprocessor havjng access to RAMthat is, :
progra daﬂpamtt@sﬂgﬁi‘}m?ol ffnereqy it ggi'%lﬁlépeg‘?ﬂnlél a gpigzoelectrically
actudt®d ddnBhilddg j@Uba&. generation and further respond to the

sel ect waveform 160 signal to choose the sel ected
waveformfromthe library 132. Additionally, the

Eﬁ 6r O]E)rnf‘eeﬁﬁ)lﬁlfatuiﬂa/f dl%ﬂmol @@feﬁdﬁ’lﬂad laaktt dhel ?ﬁ&i[iﬂ@i ivaiveform shape is
waveform sel ectjon fupctjopality. 136 or i n e . .
assoGAGR PR A ISeT 8BS PBA et BHEDHIGH 4 ﬁlrdll%ﬁewﬂi AT B dRaibuton,
a Fiffeehef QRamulids) a Cithd QlistiH6@bn, VA \Fedher MppB@stribution, a Map-Airy
parameters (such _as, for exanple, | i tude and/or

a
distriytieny aviiefmg) Rptio digiribhién, 8 88idghteqt @?ﬁgwnaa jStisieetrs 7 digtribution, a
UniGE S ANBRRNLE AL &y ABIAIBHGLRnAr © adj ustabl e in

el t her anincremental or continuous manner so as to

achi eve the desired drop ejection characteristic (for

exanpl eppet PParatud Rl @1afth BCHhcddin Qf 1ebidliohe vl alfeRRE: Bhpe is an
~agiven fluid in a certain fluid dispensing or ink jet
invese pran inverted prlasiit ofeny of the disBibyHonsome enbodi ments of

t he di scl osed nethod and apparatus have been

ilgustrated

The apparatus of claim 1 wherein at least one curvilinear waveform shape is at
least one of* a sinusoidal waveform, a Lorentzian waveform, a Gaussian waveform, a logistic

waveform, a lognormal waveform, a Maxwell waveform, and a Rayleigh waveform.
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in the acconpanyi ng Drawi ngs and described in the
foregoing Detailed Description, it will be understood
wa b@t/069189 di scl osed nmet hods and appar at us ar e POL/US2004/035871
limted to the enbodi nents disclosed, but are capable
of nunerous rearrangenents, nodifications and
substitutions without departing fromthe spirit of the
di scl osed net hods and apparatus as set forth and
ded,i nedrnR¥appdifiul 8F bigih BOvifekdih BBledtidie biiviBHabirNER foin shape is an
. An apparatus, conprising: a device that generates a
inverge pr AR IBYRA PolEl A gneef thewarefis- pul sed curvil i near
wavef orm shape; and a fluid di spenser responsive to
the driye signal to eject fluid. 2. The apparatus of .
cl B m IThGepEats tqﬁecl%lhfavha@bé%lﬁéﬁi qng cyrilihear waveform shape is
damp¥dezoel ectrically actuated drop-on-denand di spenser.
3. The apparatus of claim2 wherein the
pi ezoel ectrically actuated di spenser is a Piezo Tip.
4.11The Tappapaatus offcldmal Mhdrenher Bhft dnbecurvilinear waveform shape is
.piezoel ectrically actuated di spenser is an ink jet
rmméh penser. 5. The apparatus of claim1l wherein the
fluid dispenser is a piezoelectrically actuated

confinuqus jet device.. 6, The .apparatus .of claim]1l

ool of - BrEsat ST Porr doSk SEi bR whlle Sogments o east
one dF3EORp@t@shwindthatuvitiasd: vanefofih shape.Bet a di stri buti on,

a Chi distribution, a Chi Squared distribution, a

Fisher's z distribution, a Gamma distribution, a

Fi Eher -Thepppirttusiof thin UL i vdrreia alviiler Aif tye shigatenis s noegtilinear or

a hfrnallRatio di.stribution, a Student's t
polygimal or BTG Voo RIS s 2 i stribution, a Uniform

Sum di stribution, and a Weibull distribution. 7. The

appar at ys %dﬁ% ?ggggyherein at |east one curvilinear

wavef orm shape 1's ‘an“inverse or an inverted polarity

of genaating a diive siigrat ldvingtat tas on8pulTdisuapliparat axsfomm shhgd; and

1 xherein ﬂLdLeast onﬁ)gurvilineer wavef orm shape is

at UFREREPE  Hid i¥ FOSROnSE 10 8o A 'Sk ef orm  a Lor ent zi an

wavef orm a Gaussian waveform a logistic waveform a

| oghor | f . . . . . j .

webt or e gt B SRl NV, bR Bl 80 P Bl Pllaing
a droproa-dentaud Hispenacr tovajeetfforidn shape is an

16.  The method of claim 15 wherein the piezoelectrically actuated dispenser is a

Piezo Tip.

17.  The method of claim 15 wherein the piezoelectrically actuated dispenser is an ink

jet dispenser.
18.  The method of claim 14 wherein dispensing comprises continuous jet dispensing.

19.  The method of claim 14 wherein at least one curvilinear waveform shape is

associated with at least one of: a Beta distribution, a Chi distribution, a Chi Squared distribution,
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inverse or an inverted polarity of one of the
wavefornms. 10. The apparatus of claim1l wherein at
wo ewsnewse curvilinear waveform shape i s danperCT/182004/035871
The apparatus of claim 1l wherein at | east one
curvilinear waveform shape is rectified. 12. The
apparatus of claiml1l wherein drive signal includes
a Fighat’s izptlistribuetore it Sanma disabutione Fishehbpeeydistribytipmyva Agap-Airy
C
dlsmﬁ){i't(ieon %&n\%ﬁ glgéglfon&%}éo%t og?]a §Pﬁ?}ﬁ es t;dgstr&%mnf)g ﬁggld%{t%sl &igtnbutlon, a
Uniferec$inh disedntiar, apdd Wepdndl diswibution.vi | | near wavef orm
shape. 14. A method, conprising: generating a drive

signal having at |east one pul sed curvilinear waveform
shmoe T duadhashehdaing 1 4 whengingetileast ermpomsiéineas wavefogn ishape is an
mverse grna%llnve}t%d Qgté/%% {l]é)gftﬁ% 1&]11 n}4 wherei n di SpenSI ng
i'ses p ©7081%6Ct i ca y ac uatlng a drop-on-denmand
d| spenser to eject fluid. 16. The nethod of claim15
whar ei frle '}Setﬂdd%ﬁ@lbﬁi?ﬁ!i lvxﬁl@lle Y atdEdsH BhE gugilﬁeﬁnﬁﬁrefdrﬁ $hape is at
Piezo Tip e net hod claim 15 wherein the
least pne ofied sivtsoidehiveyefomt, waL@dnt@a@ perieferm,i as Gawssian kvgveform, a logistic
wa G FE 8RB B i TRy BloB Bt R Jovotop
The nmet hod of claim 14 wherein at | east one
Cugyi | 'ﬁ@%etﬂ@vﬁﬂ‘ a4 f‘%@reinsatq‘%?xpsﬁ@&ﬁ'dﬂ Jr@va@gfo% %ﬁipe is an
one of: a Beta distri utlon a Chi distribution,
inverSeorzand avedtied polamitytof one of the whesformisz di st ri buti on, a
Gama di stribution, a Fisher-Tippett distri buti on, a
%d dlstrlbutlon a Normal Ratio distribution
entThe methpds of icisim] b whereisy 41 et 08 SUBLRCRT BigvFiamn shape is
Uni f orm Sum di stri bution, and a Wi bul |
Istribution. 20. The net hod of claim19 wherein at
| east one curvilinear waveform shape is an inverse or
a4 nvereefetR 3F iclaimOf4 QBEreRf att RSt Hnd i tlidcaP Ravefddn shape is
The nethod of claim 14 wherein at |east one
rectiigfk vi | i near waveform shape is at |east one of: a
si nusoi dal waveform a Lorentzian waveform a Gaussian

waveform a |ogistic
25.  The method of claim 14 wherein drive signal includes multiple segments, at least

one of the segments having the curvilinear waveform shape.

26. The method of claim 25 wherein another of the segments has a rectilinear or

polygonal or curvilinear waveform shape.

27.  An apparatus, comprising:

a waveform generator that is configurable to generate a selected one of a plurality of
curvilinear waveform shapes;

a driver that generates a pulsed drive signal having the selected curvilinear waveform
shape; and

a dispenser that responds to the drive signal to eject fluid.
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waveform a | ognormal waveform a Maxwell waveform
and a Rayl ei gh waveform 22. The nethod of claim?21
wob@ses1sat | east one curvilinear wavef or m shaper/US20841035871

inverse or an inverted polarity of one of the

wavefornms. 23. The nethod of claim 14 wherein at |east

one curvilinear waveform shape is_danped. 24. The,

net8hod The appasntns of claime 22 vwherin [headispenive it @ miqzpslerigally actuated
dﬁm%@¥gforn1shape is rectified. 25. The nethod of claim

4 wherein drive signal includes nultiple segnents, at

| east one of the segnents having the curvilinear

wepsef orpife SBARSus 8 claik @8 Fatehid tHef pigdodlebRidaI M BIaRIdNdispenser is a

anot her of the segnents has a rectilinear or polygona
drop-gp-dewiend o1 andil jeh@iReneitm shape. 27. An appar at us,

conprising: a waveform generator that is configurable

to generate a selected one of a plurality of ) )

cuilyi | ithe aprapivettsiatn < ypesem the dhvesepmprides 2 yatinble g angplifier.

pul sed drive signal having the selected curvilinear

vef orm shape; .a g spenser that res ds,tq..th o
riive. dhg AR G £ GRaon g St REed RS Papag bl ppyyiinea
wavelormMA8pR lid ol giasenser i s a piezoel ectrically
actuated di spenser. 29. The apparatus of claim28

wherein the piezoelectrically actuated dispenser is a
dr3zp- orthd eppaistuo bf elaim DR, fugherdiosperiag proc8Bor fkieuctions to identify

aratus of claim?27 erein the driver conprises a
the sgEReL Granghy wieTi Sfes o st orbip BFuERET i oy rm 27
wherein the selected one of the plurality of

il f N . . .
9|. e’i\.“apl ggg{)%aga l\éﬁ? otg c[rlamm%aa f%% r{xJ ?}te %QQ&SH ﬁgérlcll%aﬁén%rmcléc?e at least one

[ er co

of: dPSPEREAY Idrdpn&ldcity tanghisude pulsderitithf disgeheer syglecakiehhid type.
curvilinear wavef orm shape based on sel ection

speci fications. 33. The apparatus of claim 32 wherein

t Hit. s elThe tapparatep ef clhinc 33 wbsin the [puatessat inswemtionpingludé a decision
drop volunme, drop velocity, anplitude, pulse w dth,

tree'dispenser type, and fluid type.

35.  The apparatus of claim 27 wherein the plurality of curvilinear waveform shapes

are stored in a waveform shape library for selection to configure the waveform generator.

36.  The apparatus of claim 27 further including a data processing device operable to

select the curvilinear waveform shape and configure the waveform generator.

37.  The apparatus of claim 27 wherein the curvilinear waveform shape is associated
with at least one of: a Beta distribution, a Chi distribution, a Chi Squared distribution, a Fisher’s
z distribution, a Gamma distribution, a Fisher-Tippett distribution, a Map-Airy distribution, a
Normal Ratio distribution, a Student’s t distribution, a Student’s z distribution, a Uniform Sum

distribution, and a Weibull distribution.
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34. The apparatus of claim 33 wherein the processor
i nstructions include a decision tree. 35. The

wappanet7es of claim 27 wherein the plurality OPCT/US2004/035871
curvilinear waveform shapes are stored in a waveform
shape library for selection to configure the waveform
generator. 36. The apparatus of claim27 further

i 8 udiThe appateesofmlaimelysvhrgein dhy cuevilsar wayeombshgps isef least one
o 4 N L O WA B0 Wy I 410Gt wavelorm, o
lognawmel eavefarmea daxwell wareformyavé f Beyteigh apeciorn.associ at ed

with at |east one of: a Beta distribution, a Chi

di stribution, a Chi Squared distribution, a Fisher's z _

di 3% r i Glieiapparatys chelesm 7 svirardn dheosplecipdrpuatibneariwsyeform shape is
dam;%h.sni bution, a Map-Airy distribution, a Normal Ratio

I'stribution, a Student's t distribution, a Student's
z distribution, a Uniform Sumdistribution, and a

Vejgbul |Thgia§ba[r5tgybif CRIB Y7 WhSciRRRASAHI &Hiﬁh&% RYa¢dform shape is

Wherein the curvilinear waveform shape is at |east one
rectififd: a si nusoi dal waveform a Lorentzian waveform a
Gaussi an waveform a | ogistic waveform a | ognornal

waveform a Maxwe||l waveform and a Rayl ei gh waveform

391 The N BRRAFAYLT M/ AiheresyihGNaY SPH! BTl CerprRtss:

CUJ ¥ith kidgafor WRYiak Qﬁ%?aﬁ RPRKe A TP e p1tality &¥ecurvilinear waveform

apparatus of clarm?27 wherein the selected curvilinear
shapggagmsk or m shape is rectified. 41. The apparatus of

¢l AhigA 4o ' PRI AR BRLA ' ;

oF T S RS (RS Al 8 2681 Rpr SRTRI e Blected one
of thptwividihéar yapéformu shapts intozan anelog fwvitinen ajagsforma sltkpa signal;

di gi tal -t or anal og..copvert.er for. converding the di.gital

b R B o D Sl Bk s NP DI e Sief o erate e
drivevsigr@f. or m shapes into an anal og curvilinear waveform

shape signal; wherein the driver anplifies the anal og

curvil i near waveform shape signal to generate the

dr4ve dihgragparatd@ of Flaian 4p rehereinuthe ofavefoanrgendratph dirthien comprises a

t-he vef or erator further . ' vef
wav ot SE B GRbs oti JELp SR N3 oty SO et of he
curviiasse fravefosinsippe ganAnet ers of the curvilinear waveform

shape signal .

43.  The apparatus of claim 42 wherein the waveform shape adjuster further controls

driver setting of an amplitude of the drive signal.

44,  An apparatus, comprising:
a device that generates a drive signal having at least one non-sinusoidal curvilinear
waveform shape; and

a fluid dispenser responsive to the drive signal to eject fluid.

45.  The apparatus of claim 44 wherein the fluid dispenser is a piezoelectrically

actuated drop-on-demand dispenser.
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43. The apparatus of claim 42 wherein the waveform

shape adjuster further controls driver setting of an
wa@epbioease of the drive signal. 44. An appar at BGT/US2004/035871

conprising: a device that generates a drive signha

havi ng at | east one non-sinusoidal curvilinear

wavef orm shape; and a fluid di spenser responsive to

t héo.dr i Ve sjipgratils afcclajnedt whiraindghe aBzoclivgricaipactattod dispenser is a
PiezG @l M 44 wherein the fluid dispenser is a

pi ezoel ectrically actuated drop-on-denmand

di spenser. 46. The apparatus of claim45 wherein the

pi gzoel j Y : I o Shi j i .
e A b A A N iR IR ookl el dpensoris an
ink jof dshseieect ri cal |y actuated di spenser is an inkjet

di spenser. 48. The apparatus of claim 44 wherein the

fluid dispenser is a piezoelectrically actuated

coft$i nublifs apnatatepeof elaim A9, wimreinahp aﬂvaél whisperser [isa A yiazpelectrically
actuBEESHBudiR$et AN | Nusoi dal curvilinear wavefonn shaped

drive signal is pulsed. 50. A nethod, conprising:

generating a drive signal having at | east one

none si NPEOhsiAkateUbY iclalh e whB¥R! @k MENARRidANEurvilinear waveform

di spensing a fluid in response to the drive signal.
Shq%@@“Wﬁ@gﬁgﬁﬁéhﬁbf cl ai m 50 wherein di spensing

conpri ses piezoelectrically actuating a drop-on-demand

diégenggr. 5%. The, met hod of claimb51 wherein the

pi 820el @&ithodafaPristiiat ed di spenser is a Piezo Tip.

53genth@ngeidRod si?ﬁal G b faOibadVBRE SdnkikiBidal curvilinear waveform shape;

pi ezoel ectricall'y actuated dispenser is an ink jet ‘
and g§j spenser. 54. The method of clai m 50 wherein

di gReRshEY IGRIBIL:BGe RS @eafleghdal cal Iy actuating a

cont’i nuous jet dev

51.  The method of claim 50 wherein dispensing comprises piezoelectrically actuating

a drop-on-demand dispenser.

52.  The method of claim 51 wherein the piezoelectrically actuated dispenser is a

Piezo Tip.

53.  The method of claim 51 wherein the piezoelectrically actuated dispenser is an ink

jet dispenser.

54.  The method of claim 50 wherein dispensing comprises piezoelectrically actuating

a continuous jet device,

55.  The method of claim 50 wherein the non-sinusoidal curvilinear waveform shaped

drive signal is pulsed.
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55. The nethod of claim50 wherein the non-sinusoi da
curvilinear wavef orm shaped drive signal is pul sed. 56.
WaAR00spEEsat us, conprising: a device that generBCBEESH04/035871

drive signal having nmultiple segnents including at

| east one segnment with a curvilinear waveform shape;

and a fluid dispenser responsive to the drive signha

t 056] ecin drpaiaths, &mpriking: appar at us of clai m 56 wherein

t he | C

odéJcl)% %atﬁ%e‘ch%% Ga%s %rﬁxzeeggﬁg gg\ﬁ% ﬁﬁﬁt%hé: ?é ugt%o%&aﬁlﬁg at least one

wgﬂﬁﬁwmmaemnﬂmhﬂvmwa%QEBM@bnmdalIy actuated dispenser is

59. t f I 57 wh h
o CoBA Rt Pty e el B Sphalrthit o) e

dlspenser 60. The apparatus of cl ai m 56 wherein the
d p | r d
conti nunep e B 36 hFER eI RELE! Ca piaggelectrically
actuatdviedrep-on-tbreardr dispensr.gnal has a first segnent and a
second segnent. 62. The apparatus of claim61 wherein
the first and second segnents have different
cuti | iTheaappavaivefod cheirs tapereib She Mikrockepisigallit agfuatdd dispenser is a
PiezS &&|n156 wherein the drive signal is pulsed. 64. A
nmethod, conprising: generating a drive signal having
mul tiple segnents including at | east one segnent with
a gqrvi :
i o Pl R KT WaRkin A0SR eyl Hislnser s an
ink jetldagpens?t wher ei n di spensi ng conpri ses
pi ezoel ectrically actuating a drop-on-demand
dIS enser. 66. The nethod of claim65 wherein the
oel Rhst arpefusyofaeleitma S dviirep dhe dluiq dispenppreisoa piggoelectrically

actuﬁgdcoﬂﬁ olﬁg][eig QV%; cl ai m 65 wherein the

pl ezoe ect I cal actuated dispenser is an ink jet
dlspenser
61.  The apparatus of claim 56 wherein the drive signal has a first segment and a

second segment.

62.  The apparatus of claim 61 wherein the first and second segments have different

curvilinear waveform shapes.

63.  The apparatus of claim 56 wherein the drive signal is pulsed.

64. A method, comprising:
generating a drive signal having multiple segments including at least one segment with a
curvilinear waveform shape; and

dispensing a fluid in response to the drive signal.

65.  The method of claim 64 wherein dispensing comprises piezoelectrically actuating

a drop-on-demand dispenser.
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68. The nethod of claim64 wherein the fluid dispenser
is a piezoelectrically actuated conti nuous jet device.
w® 200506959ret hod of claim 64 wherein the drive BCTOO&1004/035871
has a first segnment and a second segnent. 70. The
met hod of claim69 wherein the first and second
se%ments have different curvilinear waveform shapes.
71

S5The Theisdiedor! deigl A avhersiieihsi piczasisctiichilie agiajerhtlispeanser is a
PieAB4iiped.

67.  The method of claim 65 wherein the piezoelectrically actuated dispenser is an ink

jet dispenser.

68.  The method of claim 64 wherein the fluid dispenser is a piezoelectrically actuated

continuous jet device.

69.  The method of claim 64 wherein the drive signal has a first segment and a second
seginent.

70.  The method of claim 69 wherein the first and second segments have different

curvilinear waveform shapes.

71.  The method of claim 64 wherein the drive signal is pulsed.
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