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15 Description of Related Art

Piezoelectrically actuated microdispensers and print heads are used to generate
microdrops of various fluids in a wide range of non-contact microdispensing applications, such
as ink jet printing, biological microarrays, miniaturized chemical assays, drug dosing, synthetic
tissue engineering, rapid prototyping, security printing, micro-manufacturing of optic and

20 electronic components, and precision application of 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.

25 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 clongated slugs of fluid.
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dispenser 12 may have one of several piezoelectric actuation configurations inchuding, for

exaniple, a cylindrical squeezer-type capillary tube piezo dispenser (a microdispenser) for use in
dispensing a liquid containing chemically or biologically active substances or an ink jet piezo
printing head for use in dispensing a printing ink or specialty fluid. The piezo driver 16 includes
25 a high voltage amplifier capable of generating voliage signals with levels up to about == 150
volts. The piezo driver 16 outputs the control (drive) signal 14 in response o an input signal 20
received from a rectilinear or polygonal pulse generator 18. The pulse generator 18 is configured
to synthesize a particular waveform as the input signal 20 having certain known characteristics
(height, width, rise time, fall time, delay time, and the like). The input signal 20 waveform is

30  then amplified by the piezo driver 16 for application to the dispenser 12 as the control (drive)



30 then anplified by the piezo driver 16 for application to the di spenser
12 as the control (drive) 2 WD 2005/069759 PC 17US2004/ 035871 signal 14.
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20 FIGURES 2-5 illustrate examples of known rectilinear or polygonal drive pulse shapes

for the signal 20 generated by the pulse generator 18 for use in actuating a drop-on-demand
piezoelectric dispenser 12 in the system 10 of FIGURE 1. The rectangular drive pulse illustrated
in FIGURE 2 has been used to drive a standard PerkinElmer 70 um Piezo Tip (the dispenser 12)
s0 as to gject a single droplet having a volume of about 330 picoliters with a speed of about 2
25  m/sec. The illustrated rectangular drive pulse may have a pulse width of about 30 psec, and
when amplified by the piezo driver 16 to generate the control signal 14 may have a pulse height
of about 65 Volts, FIGURE 3 illustrates a double-pulse waveform which is taught by United
States Patent No. 5,736,994 for driving a piezoelectric shear mode-shaved wall ink jet print head.
It 1s known in the arf to use such a waveform to drive a conventional drop-on-demand piezo
30  dispenser in a configuration like that illustrated in FIGURE 1 so as to gject single droplets using

ceriain combinations of pulse parameters (for example, height, width, rise time, fall time, delay



States Patent No. 5,736,994 for driving a piezoel ectric shear node-shared
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volurnes are preferred in some instances. Rectillnear ‘or polygonal drive signal-based piezo ink

jet dispenser systems appear to have a low limit drop size which is primarily dependent on

orifice size. However, as orifice size decreases in ink jet applications, and thus smaller drops are

potentially generated, the danger of clogging increases due to particulates that are carried by the

ink (or that are present in the swrrounding environment, such as air borne particulates) being

25  dispensed through the smaller orifice. It is therefore desirable to keep the orifice size as Jarge as

possible while simultaneously satisfying requirements for smaller drop volumes.

SUMMARY
Embodiments of the present teachings address the foregoing and other needs in the arl by

utilizing curvilinear drive waveforms for pulsed actuation of the piezoeleetric transducer of a



25 di spensed through the smaller orifice. It is therefore desirable to keep
the orifice size as |arge as possible while sinultaneously satisfying
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transducer of a 4 WO 2005/069759 PCT/ US2004/ 035871 fluid di spenser. The
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wavef or mYHECHE Y piAgRaee SRaitesretRgndide (b &ivg siangl g arcs b depletsthe f1 ui d
di spenser nay Ab#scidded elBodi@nt utilizéshdnQinubHOSRuri MRES AGRIWRRFYmUS 8dudtf 1 NK
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appar at Uge iRy, D8 AGHWI S 86y dispenser. The fluid dispenser may be, but is not limited to, those
types commonly used in ink jet printing devices and/or piezoelectric microdispensers, for
cxample. At least one segment of the drive waveform has a curvilinear waveform shape and the
other segments may use the same or different curvilinear, rectilinear and/or polygonal

20  waveforms.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the disclosed methods and apparatus may be acquired
by reference to the following Detailed Description when taken in conjunction with the
accompanying Drawings wherein:

25 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 2 drop-on-demand piezoeleciric dispenser like
that shown in FIGURE 1;



by reference to the followi ng Detail ed Description when taken in
conjunction with the acconpanying Drawi ngs wherein: 25 FIGURE 1 is a bl ock
diagramillustrating a conventional systemfor producing droplets of a
fluid;, FlGQJeESIZad7are waveformdiagrans illustrating varpoyssfegtiskiinear

or polygonal drive pulse shapes for use as control signals to actuate a

dr op- on-denmand pi ezoel ectric dispenser like that shown in FIGURE 1; 5 WO
2005/ 069759 PC1/US2004/ 035871 FIGURE 6 is a block diagramillustrating a
system for pr GUGURRAQS dr oploelt iagfanailfubititile iansyaemobd pRe@gcink thpdsls erbadicnant

of the present teachin ;.FIGQ?E@ 7-18 illustrate exenplary curvilinear
mavefornﬁwwgﬁmﬁgg%ﬁﬁnﬁg@9@F§H§ dePrsent lepI8E 60 and 5 FIGURE 19 is a bl ock
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an_enbodi rent of the present teachings. DETAILED
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in accordance with an enbodi ne the present te i ngs. e system
100 i ncl @aesdagee Wil gn cwhedipicsizddheguesenicteabhoigs.on- demand di spenser 112 whi ch
is actuated in response to an electrical control signal 114 (also referred

to as a drive_signa enerated by a piezoelectric driver 116. Al though
t he illugy#%ﬁéﬁng%ggé$ ﬁ?§(§ﬁ3ﬁﬁﬁﬁé&gﬁwgﬁtric di spensers, it can he
under st ood  t Raferdnb€idicRsRRle LEACURINS wAES QL id Bt L edhit& dLRRERSESstem
contalnlng pi ezo transducers, and other 15 el ectronechani cal transducers

can be usBelorpedugingdpiriets eleigfied astacpisenaeevitml eitedimed vf theprasent teachings.
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15 electromechanical transducers can be used, for example, maguetostrictive and electrostrictive
transducers, The illustrated dispenser 112 may have one of several piezoelectric acluation
configurations including, for example, a squeezer-type capillary tube piezo dispenser (a
microdispenser) for use in dispensing a liquid containing chemically or biologically active
substances (for example, in a microarraying application) or a piezoelectric ink jet print head for
20 use in dispensing a printing ink or specialty liquid. Accordingly, as provided herein, references
to a fluid dispenser can inciude, but are not limited to, drop-on-demand or continuous jet
dispensets that can dispense various types of fluids {o various types of surfaces, for example,
fluids used in assays to be deposited on a swface 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.
25  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 widcband amplifier
(for example, having the operating characteristics of a Xrohn-Hite 7600M type device or the
like) capable of generating voltage signals with levels up to at least about = 150 volts. The piezo

30 driver 116 provides as output a control (drive) signal 114 in response to an inpul signal 120



di spensers that can di spense various types of fluids to various types of
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heads, where such exanple is provided for illustration and not limtation.
One enbodi ment of the illustrated driver 116 includes a high voltage

W deband redepleti fiict a wl @bmeat®lie, 1 RarRgahiple, QReigaht D ahalackekligics 6s,0f a
Krohn-H te 7600M type device or the |ike) capable of generating voltage

Si gnal s WFITEVA] L e (6Yist o1 bale) AR A0 FTEas WP B EE bR g r
116 proviigeseips QUhRMocRrARNLE Bl i)ﬂ:robb\é > ®hEBAL plokdarhNali8 ]RANS R Qr & dr NP UL
signal 120 6 WD 2005/ 069759 PCT/ 11S2004/ 035871 recei ved from a waveform
gener at oPTOrESO-FUodshipics) Ranillngratadev yporatergaten biSde perisgted e sphegize
Pragmat i ¢ RAL4E LyREL AR A- RN LR fnbllﬁeﬁ%n‘ﬁmﬁ"hzﬁ?rf'g DEortalt SI-HiB6ET sk And
personal conputer 124 (or perhaps a m efocontrol [Ffer or data procegglng
devi ce oPOyEHHLainveibre chygeteridicy camytlitele, atidiby risptimee Sdlotime odelayotimeddecay
devi ce) . i t L, for e a . .S _confi ed.to synt.hesize
5a pul seu oranah HAkAR WAELE BATBHE kol Sl dn e o8 e SRS
curvi | i n&atorghapetaatetiningdbs essiculg apetinédar echvehamaatebt stiipdisd hanhd peracien

width, ri t 1 fall, ti .de tine eca constant, nean, Ssta d
devi at 1 okt Tt plign 15, TepbR W b €O8R renEor T RE s Rapani el ng)
fact o0 s) wabeban dethin bmglififiebyp ak tpigzu| difverc Lrdviok apgratimarehouipemy: De suppl i ed

by the personal. ca ter 124 which is interfaced to the waveform generator
118. Th eC?fﬁlﬁ;h?fL%’fbﬂg}FaTi% %ﬁ RErparee htieas g Hip ferdiwanssy | thesnsmdz e be i ver
116 for apPicl cattddRighal 1ediSRANREY (%ﬂi@raﬂ% il 148 foripPBE S or (Bt VRp1cih G

114. The‘plﬁfoelectrlc transducer within the di spenser 112 responds to the
appl i ed EERLHSE signal 114 and ejects fluid (generally in the form of one

or nore dropl e4s hichs QMved NEs, OfdvkieS- %_e-ﬁléﬁtd?i EZO0afl h¥88nal +6mpWaY ?é@?&ge‘iher
generator 118 and personal conputer 124 together 15 accordingly forma
cur vid i negprdipalefomms euntinglvereoan carirdlsr 130 wbivhde tethetiod tchide piaspdedidget ri ¢
di spenseg; | e ! i i, i.0;.. . he
cont ol | SePSs iaeh b REoHAEEEN At Ul ReSiihani® (bl 13 hedBhpt 4%y,
FI GURE 6condiguigt jekictly in e mxeep|astyated ohRALRTRE 6, anpliliziter cxePphgyrErohn-Hite

vave! o TGS A B BEVRIRL- SRR b RAL S5 P GADRE B PER D e
(pi ezoel eofigined to produce at least one curvilinear drive waveform to drive the (piezoelectric)
20 transducer within the dispenser 112 to produce a drop ejection characteristic (for example, drop
volume, drop velocity, etc.) for a given liquid to be dispensed, An alternative configuration for

the system 100, to be described later in detail, is illustrated in FIGURE 19.

In accordance with one embodiment, the curvilinear waveform controller 130 is designed
to produce a certain curvilinear drive waveform having a certain curvilinear shape and
25  possessing specified curve characteristics to drive a certain type of (piezoelectric) transducer
within the dispenser 112 to produce a desired drop ejection characteristic (for example, drop
volwne, drop velocity, etc.) for a given liquid. In this way, the controller 130 is specifically
tailored for use in a certain dispensing application to provide the aforementioned drop ejection
characteristic results with respect to a given dispenser type, fluid type, drop volume need and/or
30 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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thr 0&1(9 h (t:el;‘]t%in one of the waveforms for the input signal 120 could be made direcily through the

waveform generator without nced for the personal computer 124. In either case, a menu of

possible curvilinear waveform shapes could be presented to the user, with the user selecting from

{hat menu the desired shape as well as pertinent waveform shape-related parameters (such as, for

example, amplitude, width, rise time, fall time, delay time, decay constant, mean, standard

26 deviation, D.C. offset and the like shape-affecting factors). These shape-related parameters are

adjustable in either an incremental or continuous manner so as to achieve the desired drop

gjection characteristic (for example, the stable ¢jection of uniform, satellite-free fluid drops of a

given fluid in a certain fluid dispensing or ink jet printing application).
An embodiment further includes having two or more waveform segments within a mulii-
30  segmented curvilinear drive waveform. Each waveform segment in the mulii-segmented

wavelorm has a certain curvilinear waveform shape and is defined by certain parameters. The



conputer for provision to the waveform generator 118 so as to configure a
specific curvilinear drive operation of the controller 130. Alternatively
and/or additionally, the waveform generator 118 could store the waveform
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onl Yoo 112 present and the fluid at issue, produce the user’s desired, specified and/or required drop

gjection characteristics for a given application. Utilizing that data, the controller 130 would

generate the corresponding drive waveform as the control signal 114 for application to the

(piezoelectric) transducer within the dispenser 112, The dispenser 112 responds thereto by

gjecting the flud at issue (generally in the form of one or more droplets) from the orifice.

25 In accordance with still another embodiment, the controller 130 includes a drive
waveform selection functionality 136 that is operable to make, or assist the user in making, the
correct or otherwise best possible drive waveform selection from the library 132 in view of
certain user input dispensing application specifications 138. These specifications 138 may
include, for example, user specification of one or more of the following variables: type of

30  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 specificaily a



contain data relating to curvilinear drive waveforns, but may al so contain
data relating to 15 rectilinear and pol ygonal drive waveforns (such as
those illustrated in FIGURES 2-5) as well as other non-curvilinear drive
wavef or ms fyay 20usesohsy pi ezoel ectric di spensing applicati ongey/iBoo9pEat i on,
the controller 130, responsive to a user choice 134 (fromthe presented
menu, for exanple), would obtain fromthe library 132 the data relating to
the drive waveform selected by the user. This choice is made such that the
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selection iunctlonahty 136 could alternatively be provided by the waveform generator 118 as an
enhanced operating feature. The functionality 136 still further could select the pertinent
waveform shape-related parameters (such as, for example, amplitude, widih, rise time, fall time,
delay time, decay constant, mean, standard deviation and the like shape-affecting factors) for the

25  drive waveform identified/chosen from the library 132, These shape-related parameters are
adjustable in either an incremental or continuous manner so as to achieve the desired drop
gjection characteristic (for example, the stable ejection of uniform fluid drops of a given fluid in
a certain fluid dispensing or ink jet printing application).

Reference is now made to FIGURES 7-18 which iilustrate exemplary curvilinear

30  waveforms for use in the system 100 of FIGURE 6. The illustrated curvilinear drive waveforms

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

10



such that the drive waveformw ||, for the given user specifications 138
(such as, for exanple, type of dispenser 112 present, the fluid at issue,
desired drop size, and/or desired drop velocity) produce specified drop
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generate the correspondi ng drive waveformas the control signal 114 for
application to the 15 piezoelectric transducer within the di spenser 112.
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according to flat helfdts ¥ait¥dsncti ons or distributions that define their
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expl ghat ory ngt es:
P %1 y 8 K are shape faciors;

1 is the geometric mesan,

s is the geometric standard deviation; and

P, 4. T are exponents.

25 Although not shown in FIGURES 7-18, it will be understood that each of the waveform
formulae may further include the addition of a constant representing a D.C. offset value. This
constant may take on any value (positive, negative or zero) and be selected to have a desired or
needed effect on drop formation.

TIGURE 7 illustrates a “Linearly Damped Inverted Sine” curvilinear drive wavetorm

30  whereinn 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 fo 150

11



y; is the i' data elenment in a waveformdata file corresponding to tinme t;
=i/ f, for i-0,1...N, 10 N1 is the total nunber of data el enents
conprising the waveform tN is the pulse duration; f, is the sanpling
frequency; woRosowh® anplitude; n is an integral nunber ofcwismohadsiricycl es
in one pul se duration; 15 a, 13 are linear decay constants; is an
exponenti al decay constant; Is the nmean; COis the full width at
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a similar drive signal that may have different adjusted or selecled shape parameters o a Piezo
Tip having an orifice diameter that is less than 70 pm. It should further be noted that the listed
waveform paramelers are exemplary.

15 FIGURE 9 illustrates a “Rectified Sing” curvilinear drive waveform, As an example, a
drive signal created from this curvilinear drive waveform having a pulse height of 64 volts, a
pulse width of 13 usec (full width, half maximum) has been shown to gencrate a 180 picoliter
waler 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

20  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 um orifice. It should further be noted that the listed wavelorm parameters are exemplary.

25 FIGURE 10 illustrates a “Lorentzian” (or Cauchy) curvilinear drive waveform wherein 1
=N/2 and w <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 usec (full width, half maximum) has been shown to generate a 240 picoliter
water drop, having satellite-free drop separation, from a standard production 70 pm Piezo Tip

30 (PerkinBlmer 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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71 volts, a pulse duration of 136 sec and the follow ng shape paraneters n
=5 2 =2.7and N = 900 has been shown to generate a 100 picoliter water
drop, having satellite-free drop separation, froma standard production 70
pm Piezo Tip (PerkinEl mer serial nunber A07970) at a drop speed of
approximately 2.0 nmfsec and a dispensing pressure of -10 nbar.
Experinentation has 10 further shown these vvaveform parameters in certain
si tuations bei ng capabl e of produci ng roxi mately 80 picoliter water
drop. A @medl el dhebmay bhvnd Heyt wivsts %S@tﬁt ek pyampplsyd Adicza 18p hitiag
drive si Yii i t F ers
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20 corresponds to a lognormal distribution function, whereas other r > 0 defline a generalized class
of functions with similar shapes. As an example, a drive signal created from this curvilinear
drive waveform having a pulse height of 72 volis, a pulse width of 17 psec (full width, half
maximum) has been shown to generate a 140 picoliter water drop, having satellite-free drop
separation, from a standard production 70 pum Piezo Tip (PerkinElmer serial number A07970) at

25  adrop 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 1s less than 70 pm. 1t
should further be noted that the listed waveform parameters are exemplary.

FIGURE 14 illustrates an “Inverse Lognormal” curvilinear drive waveform where 1= |

30 corresponds to an inverse lognormal distribution function, whereas other r = 0 defive a

generalized class of functions with similar shapes. As an example, a drive signal created from
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FIGURE I | illustrates a "Gaussian"” curvilinear drive waveformwherein = N
[/ 2 and a 5 N/ 7 are useful values for waveforns of practical interest.
As an exanple, a drive signal created fromthis curvilinear drive waveform
havi ng a pul se height of 73 volts, a pulse width of 12 tsec (full wdth,
hal f maxi nun) has been shown to generate a 190 picoliter water drop,

having satellite-free drop separation, froma standard production 70 m
Piezo Tip (PerkinEl mer serial nunber A07970) at a drop speed of
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signal created Trom this curvilinear”drive waveform having a pul se

hei ght of 89FNB3IRE16 dltpwm@at ilovdnscofagwgBocu( filihdar drive waveform wherein p =q =
20 2 corresponds to an inverse Maxwell 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 = q = 2, and ¥ = 0.0001

for acluating a 7¢ um Piexo Tip dispenser 112 to gject drops.

[
&3]

FIGURE 17 illustrates a “Rayleigh” curvilinear drive waveform wherein p = 1 and q = 2
correspond to a Rayleigh distribution function, whersas other p > 0 and q > 0 define a
genetalized class of functions with similar shapes. A drive signal ercated 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, ¢ = 2, and k=

30 0.0001 for actuating a 70 pm Piczo Tip dispenser 112 to eject drops,
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wi dt h, hal f maxi num) has been shown to generate a 140 picoliter water drop,
having satellite- free drop separation, lion a standard production 70 tun
Piezo Tip (PerkinEl mer serial nunber A07970) at a drop speed of
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drop volunme may be obtained by applying a simlar drive signal that may
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30 0.009]1 [f% actuating a 70 mPiezo Tip dispenser 112 to eject drops. 14
GURES 2-5)." Due t0 differences in harmonic composiion, it follows that the coupling of the

20 curvilinear drive waveforms with the vibration modes of the ejected fluid and the electro-
mechanical structure of the particular dispenser used would be different as well. Upon sclection
of waveform shape parameters and associated time durations, curvilinear wavelorms can cause
fluid cavity defonnations and meniscus motions that resull in improved drop formation and
separation characleristics, such as satellite-frec drop cjcction and/or improved safellite merging,

25 for vanous ranges of drop volumes and drop speeds. In particular, these desirable drop ejection
characteristics can be achieved over relatively broad ranges of pulse shape adjustments for
particular dispenser or print head, fluid, and waveform combinations.

Accordingly, it can be understood that the present {eachings can allow for inereased
ranges of drop volumes and dvop velocities to provide, for example, smaller drops that can be

30  used {o malke higher densily microarrays, or larger drops can be used to make lower density

nicroarrays in a microarraying instrument; and increased ranges of pulse shape parameters that
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FIGURE 18 illustrates an "Inverse Rayl eigh” curvilinear drive wavefonn
wherein p =1 and q = 2 correspond to an inverse Rayleigh distribution
function, whereas other p > 0 and q > 0 define a generalized class of
functi ons wotdosigidear shapes. A drive signal created fraomi/Di®oi3ss71
curvilinear drive waveform could have a pulse height in the range of 50 to
150 volts, a pulse 5 duration in the range of 40 to 240 Itsec and the
foll owi ng shape paraneters N =300, p =1, g =2, and IC = 0.000 1 for
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wel | . UpBirdsRIseErt B drigy AR RE e SPIE W iSTI AY Qe daRE BarafeiEs:

dur at i onguchGl aMiphitideakidnaYied BBl Aithes asts§ cofstdat, GndaaVitindafied Q884 @R%heand
meni scus notions that result in |nproved drop formation and separatlon

char &¢t efhage fackors.dp enabis stale dropi aistipp sbargitgisties, seadi §iiramuyiBme; $pp seeety.
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In particular, these desirable drop ejection characteristics can

achi evedwavespr aitiligqdy edny bprobasnr magedy offes Lhgise shaiel Wolj o tinean 8o fsek»cted

parti cul i I

hocor af niyg nRRAQ3EAhe B bitioiBEReq hitdh £ o PRGN S BERIR Tll i

|ncreasedﬁmrangésncmbdkbﬁnmbbumﬂsMamHMUﬁ@pqwaﬁounmnewnﬂ68prOV|de for

exanpl e, smaller drops t al e 30 use dto gnsi t

merBhrrays. B Py g8n Bt @nnRt et el Foren e e YaginufEy  bver of
dlstmclly dliioxoni drive waveform types that elihel excite or fail to excite dlifemnt vibration

modes thal naturally occur in the fluid being dispensed and in the electromechanical structure of

the dispenser or print head being used. Typically the shape of each drive waveform type being

utilized can be adjusted to provide particular ranges of drop volumes and drop velocities.

25  Including a multiplicity of different drive waveform types in the waveform controller 130

enables the broadest range of drop volumes and drop velocilies to be dispensed from a particular

dispenser or print head type for the multiplicity of fluid types that can be used to satisfy a wide
range of end user applications.

The aforementioned waveform controlier 130 can further enable fluid dispensing from a

30  multiplicity of dispenser or print head variants, such as those having different orifice diameters,

orifice profiles, fluid cavity lengths, or material constructions. Such geomelric and material
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mcroarrays in a mcroarraying instrunment; and increased ranges of pul se
shape paraneters that 15 WO 2005/ 069759 PCT/ US2004/ 035871 provi de stable,
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di fferentg.qdh] Vo ‘1%% fa‘ﬁ%} EY&%%%I%J‘& tﬂ@%@% GORLS ks ﬁém%?é@ m% kES the

br oadest range of veIOC| i 85710 be roma
particul @&l8. di spenser or print head type for the nultlpI|C|ty of f|UId

typesgyt hat Cagecggd,ut%lgdwegv%fo%%t c'lﬁcfi %1& X}Aeﬂgd above are stored in the controller 130 (for
example, in a memory such as the library 132},

Third, following selection of a specific stored waveform (by choice 134 or selection

136/138), the actual waveform pulse is created by sequentially reading the data points y; that

comprise the selected waveform through a D/A converter in the waveform generator 118 at

25  either a fixed or an adjustable sampling frequency f; that provides a waveform pulse of time

duration ty according to N = ty - f;, where N + 1 is the number of clements in the data file

comprising the waveform shape. Thming of the i

data element v; is determined by the sampling
frequency f; according to t; =1/ £,

Fourth, when the controller 130 receives a trigger signal 140 {o gject a drop, the

80  waveform pulse is generated by the waveform generator 118 using the /A converter and then

amplified to the desire pulse height (voltage) through use of the variable gain wideband ammplifier
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range of end user applications. The aforenenti oned waveform controller 130
can further enable fluid dispensing froma 30 nultiplicity of dispenser or
print head variants, such as those having different orifice dianeters,

orifice prabidesSefdui d cavity lengths, or material constptgtisansszsSych
geonetric and material 16 WD 2005/ 069759 PCT/ US2004/ 035871 differences
are related to differences in the vibration nodes that naturally occur in
the electronmechanical structure of the dispenser or print head and

i nt er act idnBe wiekh diihe 16 Thbedsalling dospeEngdce) fembdnt4 abhueres M30rdnkdicer (or

incorporates.a nultiplicity of drive waveformtypes having 5 adjustable
shape paﬁ%ﬁ@?%}@E%ﬁLaﬁh%gu%é%¥F$¥h{gLincreased ranges of drop vol umes and
drop vel ocitiiggehdr@miel &BaEd drdpardlingslland detSPEPEBT @ coRfrbId e 8dleddibn aor
multiplicity of dispensers or print head types sfor exanpl e, 1 ow and high
density rAltPEEnt gl decmyeioammds herehi/mer Eadrevolies) aad/papiirgdu air Grshtandsi ng

M Cro@i SRRN$SIEE oM dchic@hBIb o) NELFRIBNE velclceTi€RtIaRE 1! GE sSledBor adfREd
enabl e a wi der range of | e types to be dispensed (for exanple, nore end

I sanpl e type ) ( .

user 10 vayypioie hpens Centolbel Bdss gﬁflglé@ylphtuﬁe Gheé nrusolirstiont candwndohguedby on
and use Qfihe arNLLOEELT o ofpld : fal LS he
dat a point?hgg%p%ié@%gh?Hg$ggpggM%gég@%%nﬁghggéggfﬁﬁﬁ?%gés?M%$%E@%ﬁ%ﬁ?%ted
and savedifeetival wareshon epuatess fiid waggfyng, defrorgnely dhpiveyefond siwaesethal 1h being

mat hemat i . I . ile. i .C Lhities. A waveformdata file
is a seq gﬁ%ﬁ%ﬁ%Fﬁgfk%%ﬁﬂﬁﬁgg%%gﬁz3a‘uggctg@%Pf@h%3¥§ﬁé?n¥@gqﬁbW%E%%Hﬁe
shapdd Comwelvonal | y avail abl e applications software, such as Mathcad or

Mat hemat i ca, n.he u t.Q, create these veformdata. files,. or .simlar
waver orm cormdtt ERGR 13ortiaf E5%hendSTEvb Ry Sl Murbl ™ HrBEphnr Ryt

| anguage wavbbhe satpesal Iff thtsnednaellérhsdo resqubded ugdd af @mmaliaubat insgfandfoar
provi di ng so f .t vef gnn pes are illustrated ip FIGQWRES 7-18. 20
B cond. | ERETE ST 4 2o PeGP U BGr ado Rosvi T wlefghe By Te! S6HEPET I or
130 (for shapsamplie cdirofeN@BDMMonS UE ex@nal RBurké PaRR Yas1ld 2dmpdthi)! GhichGhbPwkng
sel ection of a specific stored waveform (by choice 134 or selection

136/ 188) coingeled i QIBgT cRBPBICET Vit parieerh dorraapledl-HY: Letiletntaraaty (o theadringct he

data poi gfsroVididetRbducEHBAEdeS Br EN1E s8BbRES BidaMaYGH@IIR t hrough a DY A converter
in the waveform'generator 118 at _
One embodiment can employ an electronic waveform controller 130 having an electronic

interface and electronic memory such that specific waveforms can be downloaded to the

confroller from a personal computer or computer network and saved in the controller’s memory

20 (library) 132. This capability enables the waveform controller 130 to be upgraded either locally

or remotely with waveforms that resolve particular application problems or wii‘}l new drive
waveforms as they become available.

Many piezoeleciric actuated ink jet or dispensing devices (that is, dispensers 112) can be

operated in two distinetly different operating modes, The first operating mode “fill before fire”

25  refers to choosing the polarity of the drive waveform and the poling of the piezoelectric

transducer such that the volume of a fluid chamber in proximity to the gjection orifice is initially

sxpanded to cause fluid flow into the chamber and then is subsequently restored or compressed

to gject 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 gjection

30  and then is subsequently restored or expanded in order to refill the fluid chamber.
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25 either a fixed or an adjustable sanpling frequency f, that provides a
waveform pul se of tinme duration tN according to N=tN: f, where N-- 1
is the nunber of elenents in the data file conprising the waveform shape.
Ti mi ng of wenbiieegata el ement y; is determined by the sagphiggodszgguency
f, according tot; =1 / fs. Fourth, when the controller 130 receives a
trigger signal 140 to eject a drop, the 30 waveform pulse is generated by
t he wavef orm generator 118 using the D/A converter and then anplified to

t he desire pulrse cheiightr {vel &f@«ga@c)nﬂshfs@fﬂghad@ﬂiaﬂée Whe Hdbiiakhe dahd pwkeeband
amplifier 17 WO 2005/ 069759 PCT/ 1152004/ 03515 of the piezo driver 116.
The resuI“‘i‘ﬁ“]r‘ﬂ@g%‘c‘i‘f‘%tbt‘ed&‘lseck‘t‘EHf“il ﬁ@)elsfiﬁﬁéﬁmelfil& sctigtelsre g ?Wﬁ%@&ﬁﬂ?@?s geyever

act uat i ORhdRANEY oPfheldi®c flatifd hﬁ@%%%fw@é % adeBraggRes @l whicher &ief‘ecctp%@uﬁg Op
vol ume and drop velocity are controlled b%/ sel ection or adjustnent of
o

wavef or miffes s WErghndans the nelegafohe rgeylean grsdyedrs Vidisrtag e weﬁa@)ﬂs and
5 thegramgg:, kg qg@l@fﬁ@@ "/d[ PRy %W%/ﬁngczyﬁ Qﬁértaétex%tfhs%)cglﬁjlt e‘a el ﬁletséh?

sel ected or adjusted waveform shape. Control pul se ude and
pul se duterhioss dsminbdadtsiseme driby waetfame frgingtpe laaitips phrceite @aﬁlweawdlci:eﬂen

sanpl | ”grfldigﬁﬁgnﬂ’ ak %ﬂecfﬁlﬁl%ﬂ?leTFﬁ%f%c@% %Ja%‘f”%? co&({l 2 Y Gl ?&v&?t&h or

conpress and ha n| de- wave or m shapes at are

gener at edwmyert dfehsixmv@jf orfirrend ﬂlﬁVﬂ)WhmfmﬂrBQmp@ v@th odth saem::mjmdsﬂsagetm@sl)odameal SO
be made to .m_ The br ar he. rol.l er n be
pre- | oaded W u? ﬁor;dloﬁl Gﬂlecif)? lﬁf?mo(}mp&ﬁefse?lé’h t%?/?é@@f%tﬁl éﬂ@iﬁ%‘ge firg o h? befote
cont ol | ﬁnl”ﬂaﬁé}amglﬁmtspped Wi t h a communi cations interface (for exanple,

USE, RS-232, Il el, is also possible to update the |ibrary 132
of waveform H% athey ﬁssf”ﬁ ‘E“P’i'ﬁ flight @8 ?“I"B‘t‘ﬁ“ﬁﬂ“leﬁf‘{é@iﬂl’?a.tf’ theserd ‘é‘atré@ﬂdﬁ as

a conput BIGURBRI7CIS, aYbhRed & GRARGCHRE AR %b@ﬁms:%pégtﬁf SscMh BeRrdIBEIMRTTK
(for exa l e, LAN, WAN, Internet), for the purpose_ of providi n? pr oduct
é

upgr ades HBrpreseat adipgor The ES’“PW&gathtélHUtWo%‘G%tt(@S aﬁﬁiiéheélnﬁ’aﬂlis?ﬁeﬂlﬁ arfvgiepl oy

an el ect AMes) WRYalar M eont fakirs h3Guhavi naian B eaddig8i GrviliRhe Whagsmand
el ectronic nmenpory such that specific waveforns can be downl oaded to the

cont 1%l | 8kapes Hrirée ipervoriirmeenpetesl3om @gwﬁmceMl?heihmxekeramclyagﬁe&cﬁanchlhe
cont ol 1 5 S4B KNSR LG B Mo Popal e RRR R dle o (GRS D o
t hat resdlewealghtivi ulai’s dpPhdats zodnijrrobbensindrWebelh Agwnmpqsuefe or negative
D.C. offsets may be added to waveforms generated from any of these distribution functions.
Furthermore, the present teachings are not limited to the foregoing examples, but include
20 other curvilinear waveforms regardiess of whether such other curvilinear waveforms may be
defined mathematically, For example, the linear or exponential damping terms used to define the
waveforms illusirated in FIGURES 7 and 8 could be replaced by a polynomial damping term or
by a lookup table of indexed damping factors, In either of these examples, the essential
waveform remains a damped sine wave, which may provide comparable drop gjection results
25  when the damping factors are suitably chosen.

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

30  teachings.
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wavefornms as they becone avail able. Many piezoelectric actuated ink jet or
di spensing devices (that is, dispensers 112) can be operated in two
distinctly different operating nodes. The first operating node "fill before
fire" 25 wefmisodesochoosing the polarity of the drive wavefotmandsihe
poling of the piezoelectric transducer such that the volune of a fluid
chanber in proximty to the ejection orifice is initially expanded to
cause fluid flow into the chanber and then is subsequently restored or

conpressed tq @Jaaﬁélpﬁecﬂﬂfapoﬁ&él%gﬁ §ihBe Ofiviline@. wakRBring Rt R PRRERSS BECUr S
in the second operatlnlg node "fire before fill" in which the volune of the
Op

fluid chabeianibs wiliped o foyp ceuries dixe saveeap Brbkeingn e mdtinlisyy o sveigrm
subsequentd Yok st Rret Qr m@s)épqﬂﬁlﬁgngr 119(515{%1&09 bRl !ség,n{eh@; frbtil wehasbeln 18
WD 2005/ 069759 PCT/U82064/035871 he curvilinéar drive wavefornms used in
accor danéi® mptch! Epthdtismahe sopplex ﬁsvwé\seémnStlé@@th@esa eambipeionsd guiiilitgar,
eitheg "fid 21 ore fill" operating nodes, however

t he pélaﬁﬁ%ﬁnoﬁﬁﬁﬂ&4%¥¥ eﬂagvgﬁd%EFﬁﬁét be selected in accordance with

whi ch of thes éVlnh@eiihatqunglmcmoW@sefmsnmndl waedoran domioflr ﬂlifédpgllosemlghcaemtlhm

pi ezoel e n rive f [ 1
e e B S T A R R
t eachi ngs aﬁ&quﬂdhmﬂéwﬁhWWﬁﬁmﬂmanvwwmﬂuefonmmuhawmmghpdkﬁmmﬁﬂesrdpmnglte
to those q§ﬁ|Cted RE 7- 1?&25 wel | . Fuhth r nor e, %F el.ectronic
wavef or m"CORTY Y] Jl%?‘“f‘?%?tm CARCH BRIGEOGS B Mol 8RN &t ﬁo%ﬁ’?’f Sé’Faé’r‘Hg’

dri veo waveftor mrakiap asn-vértivt Rotdhiigpessiig sglieadnnegat i ve polarities is useful

for drop ejection fro ensers or print heads in either "fill before
fire" or "fi ré‘ b@ﬁ%lﬁ%ﬂg] % iy mfgwéwf gy %d@ elqefronie  gapfrofigr | g%s“é‘? 4
t hat manyeddksatily Ruiic@a th URE hiveRSentibRed@stgiliihen shehek hos@itiddal 8tiv@t@detbins,
FI GURES 7-18, can_be used to_ cal culate curvilinear waveform shapes for use

in accor SRBACE WFYHNeHH BOWEYRE neXPOBHERE N, Othrl DPBIINgANI WaYSRIESs Bt be
functi ong,candraddieinto 'tlf&vﬁéc?i%ﬁw( Eab11é:S1 30MhIbAO with! TRGERar A efhgl fin IoRiend ed

polarities can also be utilized to calculate curvilinear waveform 15 shapes
for i&e puprartwableidovmeedion folbread ragss philud dared anbandwisetreqhisnsriss ent

t.;i?fg'ngg\s,m E’gf{gfremﬁlé SRRTB 1($%§WF9%%6 er%uﬁ é?%am 15 (ﬂ%rlalg 0P9§‘§'§ten( or

St udent' QOCE toxumoﬂumm &mmeisamfda Vléldbml dcgozAgme rwitlrpom emb@menineﬁwt sw@m BXC.

of fsets dded t ener at roma hese fclil strlbution
functi onlsno llc_l ﬁgarsﬁ%?cepwﬁ_? ecmfsecgg n? “fidmang £ &11 gpsen 2 %\thuih s . a{,tuaie YT igsRonse

f or egoi n@ macmﬂn&ﬂ; colud! signgll M@ie{also referred to as a drive sxgnal) generated by a curvilinear
20 waveform controller 130, The dispenser 112 may have one of several piezoelectric actuation
configurations including, for example, a squeezer-type capillary tube piczo dispenser (a
microdispenser} for use in dispensing & liquid containing chemically or biologically active
substances (for example, in a microarraying application) or a piezoslectric ink jet printing head

for use in dispensing a printing ink or specialty fluid.

25 The curvilinear waveform controller 130" includes a high voltage wideband amplifier 150
capable of driving capacitive loads with a reasonably fast slew rate and generating voltage
signals with levels up to at least about & 150 volis with very little resistive loading. The
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 8 bit resolution and

30 atleast 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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20 other curvilinear waveforns regardl ess of whether such other curvilinear
wavefornms may be defined mathematically. For exanple, the linear or
exponential danping terns used to define the waveforns illustrated in

FI GURES 7 wiptho8s/60Wod be repl aced by a pol ynom al danpi ngpdeU86050330Y a

| ookup tabl e of indexed danping factors. In either of these exanples, the
essential waveformrenains a danped sine wave, which may provide
conparabl e drop ejection results 25 when the danping factors are suitably

chosen. kfave®ranivigiy nat.edidrbabccdchilgUny Wal &ean iwavel o1 ssrchavi:ng 11&3 mﬁidfi ve
or negatlveﬁlgi v offset with respect to ich a

olta
ot her wi s&HE™E ga fj&%‘? Bhicl s pect i S8 Oéaﬁmm?aﬁaes ’fﬁ%ﬂ‘é@lﬁ% the St
FI GURES #hah@s. 0By k&dldase d@iidiu% bON @y TbtinY Hith FEABNEBLQ MR @ afgﬂmetata&:l@;egd
above, wll provide simlar drop e#ectl on results and therefore |ie wthin

the scop&OBErEhE 2ppeytis rempsatenph§e Werdomn(2op5! B8 emyepet fuspboares5871
|t 1 S5ankingliRakfl ahdfton Mo BIR RLoldiGeft Y1 | near wavelorms di scl osed

herein, or the e, cah eutl dto formconplex drive waveforns that
i ncl ude a mul Eh@ﬁfm@nlm,% fruenay &f 1 vvhichslbg et forno datads/ sha pwh i iihs By aryi I¥elcadi ng

uni pol ar b@rﬁgﬁlglléd l?x'] BFAB@QO SRR gonfnlong'm GRD dﬁl%tl?z? gg ﬂvf\-f éuhvn%ltlgl? dB(/g %V%Péfmm

t eachi ngs drive wave

curvili ne’alm whﬁzhrleepplleﬂrteﬁre mmd/dmpeml ym)nﬁlnswametﬁmhnmna@m]slmg\/ﬂnduendyhe
curvilinear trol sed herein have
boen denglE Pt W0t ARYE LSRR oy G Pt P S TR et wehud LR

i nk jlet pesimd s]’fﬁp&dﬂt ShOtlld he&o&dﬂtthﬂlcﬁﬁtﬁ@@v&f@ﬂs&iﬁlﬁgﬁcmwceéfﬁi’glmleﬁmﬁom@vgzﬁﬁ)r m
controlle continuous jet devices in

be fu] for_driyvi
o oo, BTt e Sttt alsof s alisiisnes B soRHfs ohilt rfg B rsiise 10
coati ng, fiequeBt@hd QM- EMRLAEY shibidh Gr dosiPeRsing Iﬂa@aif?c(ﬁttdeqﬂ@n@smels@;éa@& ed
above, maveforns utilized in the electronic control 130 are not

necessar PHYIWEE ViefRa $50¢ BE0g Eepaneh oy ole ol I1PPeafhash AlomadaiRg onal

drive wy@é&hggm@w@ a@@ell RCAthdripaaiererd) GhHIRNBeote @Y PARGRL (Re, redihcoliBET
non-|inear_waveforns, can also bé incorporated into the electronic

cont 121 | BrFIERRBOHgumatcallysoicrPhsar raiearesTiig anh | Tt 8ddGURE 65 suppor t
stabl e drop erﬁé:édté)&ffng{ RE aﬁ%hhé’z{‘ %%a%i‘mi hlge%ge gx)@ﬁ gw%&ma%%g wuter 124

I‘EC]UI renents. Reference I S now nade ere 1's hown a
bl ock di egrodlrar ofetveorks yos tdain cono@tmﬂbwhwhoelunaiﬁnfg:edm@ﬁhaeh@awf 13.f I'hé dlushated

accor danﬁgraw' f?ﬁ L8Es @/QP@?&%WR% for lﬂa%y%x i?ma ggpcs (including those discussed above)
and also can include waveform data for rectilinear or polygonal shapes (such as those shown in
20 FIGURES 2-5),

The selfection 160 of a certain one of the waveforms from the library 132 can be cither a
user choice (see, reference 134 i FIGURE 6) of a desired waveform shape from a menu of
options or an automated selection (sce, references 136 and 138 in FIGURE 6} of an identified
waveform shape from the library in view of certain user specified criteria. The waveform shape

25  adjuster 156 may comprise a microprocessor having access to ROM/RAM that is programmed to
respond to the trigger 140 signal for initiating pulse generation and 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 (wavelomm selection functionality 136) for
making the waveform selection in view of user specifications (reference 138). Conirol over

30  waveform shape parameters (such as, for example, amplitude and/or pulse width) is further

executed by the adjuster 156. These shape-relaled parameters are adjustable in either an
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i ncludes at | east one piezoelectric drop-on-demand di spenser 112 which is
actuated in response to an electrical control signal 114 (also referred to
as a drive signal) generated by a curvilinear 20 waveformcontroller 130'.
The di spenggrpddiormy have one of several piezoelectric agtyatido®osss:
configurations including, for exanple, a squeezer-type capillary tube piezo
di spenser (a mcrodispenser) for use in dispensing a liquid containing
chemcally or biologically active substances (for exanple, in a

M croar r ayrdtendd Rl ic6@tuomy mahinad s®heZ0oShesk thedésikd Heh dciot kRgadigadce (foor
use in dispensing a printing ink or, specialty fluid. 25 The curyvilinear
wavef or meEBHIF-ghe elpbly srpctiomed wegn 4lu %‘ﬁpw { gigen WriddpanaidnrpiuiG figenyng
capabl e of iflnéi\hiRgncapdeidd.ye | oads with a reasonably fast slew rate and
generating voltage signals with |evels up to at |east about 150 volts
with very |it&ltoyeispaeispbofigudisng thethelosedayrinpil apd apperagigthpin kecp EusEaist r of
(drive) sjgnal. N L NPUL. . S : e

i g1 31 - To sl e momgar ror by ay! BpEfiCRHhe 3Rl BERUCh PEHkpb TR 2 g
bit resokbuddrepdapivht 30 alisclosers meghokls PBd capparaplsi wg oatlevitefhee the embodiments
digital - Q- | g con er: 2 [ i Qi tal . sl o . Sy
repr cent AP RSP BRI i P Rkl Aok Bep Wl bl

sel ect ed ddB@irfg fpom ahe QArit\WD IROOSI1Q60 TEhdaCTENa8200u $43681th avdvefimadmyl thbr ary
132. Mor e s %%hgﬁcally, the waveformlibrary 132 stores data in the form of
vavef or mAAt A% #88" whi ch i nclude sequential lists of nunerical val ues that
define the waveform shapes. By reading this data out of a waveform data
file and applying it to the digital-to-analog converter 152, an anal og
representation of the waveform (signal 120) is generated for subsequent 5
anplification and then application to the piezo dispenser 112. The sanpling
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 waveform pulse which is applied to the piezo di spenser
112. This adjustnent over sanpling frequency is effectuated by a waveform
shape adjuster 156 so as to produce the curvilinear waveformw th a 10
desired shape. It should be noted that control over pul se height can be

ef fectuated through gain adjustnent in the anplifier 150. The adjustnents
or selections with respect to sanpling frequency and gain effectively
stretch or conpress and magnify or de-magnify the selected curvilinear
wavef orm shape bei ng generated by the controller 130'. These waveform
shape- affecting paraneters, as well as other paraneters, nmay be sel ected
by the user (see, reference 134
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15 in FIGURE 6) or automatically selected (sec, references 136 and 138 in
FIGQURE 6). The data defining the curvilinear waveforns may be supplied by a
personal conputer 124 (or other network or data connection) which is
interfaced to the library 132. The illustrated |library 132 stores waveform
data for many curvilinear shapes (including those discussed above) and

al so can include waveformdata for rectilinear or polygonal shapes (such as
t hose shown i gyAG F BURERIEp9)- The sel ection 160 of a certain one of the
waveforms fromthe library 132 can be either a user choice (see, reference
134 in FIGURE 6) of a desired waveform shape froma nmenu of options or an
aut onat ed sekgs%ipn see, references 136 and 138 in FI GURE 6) of an
identified T OPRN URSE RSt he |ibrary in view of certain user
specified crif@hivéoml @@né’l‘@%?ﬁfﬂf@c%hﬁ%ﬁragfé t8dbishi8h sdRBicARY e PNy 3f

m croprocessor having access to ROMRAM that is programmed to respond to
t he tri ggeprvilderas vgreormh ghariesi ti ating pul se generation and further respond

to the select_ ,waveform 160 signal ,t.0o chogse the selected veform fromthe
| Corary 132, AT Cen g REU gl Frd i ting ShER VBT el
instructi ehgrel wavef orm sel ection functionality 136) for making the
wavef orm sel ection in view of user specifications (reference 138), Control
over 30 mavef%P%ﬁ@ﬁ@ﬁ@ﬁﬁﬁﬂwwﬁP@ﬁ@m@§ﬁﬁﬁﬁ®§§U$@$ﬂé%aﬁﬁnépeﬁhﬁkﬂﬁﬁﬁbeand/or
pul se wi dt.[a). 4. er.,..e _ ' - o s shape-rel at ed
paraneter%b%?%égﬁﬁﬁéggﬁwgﬁﬁﬁ%ggﬁ g?M%%hgﬁ%ﬂ$ﬁﬁé%%%ﬁg%89%£%§§

PCT/ 1 3S2004/ 088i87chsei thatrrespentiato the palnd drivosignalacnert Sadas to achi eve the
desired drop ejection characteristic (for exanple, the stable ejection of
uniformfluid drops of a given fluid in a certain fluid dispensing or ink
jet printing mmelagg&rh@@})fc@irhh%meiﬁqmdﬁﬁ@h@&!igﬁp}ﬁe%elfec&-mmaaﬁataﬁed _

met hod and apparatus have been illustrate 51 n the acconpanyi ng Draw ngs
and descr illseensen the foregoing Detailed Description, it will be understood
that the disclosed nethods and apparatus are not limted to the enbodi nents
di scl osed, but are capabl e of nunerous rearrangenents, nodifications and

substit uti ons3, winkRepdratud @paiaich NAvAGAMhdiSesRidcticafll abhigtedi Sleasetk a6t hods
and apparatus as set forth and defined by the following clains. 22 WHAT IS

CLAI VED | Biezo Tip.

4. The apparatus of claim 2 wherein the piezoelectrically actuated dispenser is an ink

Jjet dispenser.

5. The apparatus of claim 2 wherein the piezoelectrically actuated dispenser is a

drop-on-demand dispenser.

6. The apparatus of claim 1 wherein the dispenser is a piezoelectrically actuated

continuous jet device.
7. The apparatus of claim 1 wherein the driver comprises a variable gain amplifier.

8. The apparatus of claim 1 wherein the selection specifications include drop volume.
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1. An apparatus conprising: a waveform generator that is configurable to
generate a selected one of a plurality of curvilinear wavef orm shapes; a
driver that generates a pul sed drive signal having the selected curvilinear
wavef orm shape; a processor executing processor instructions using a
decision tree to identify the selected curvilinear waveform shape based on
sel ection specifications; and a dispenser that responds to the pul sed drive
signal to ej egtrHd dppehatid.of ThemappRéraiUte Qlful'ﬁl_}%bmdrvm%ﬁz%é‘ve&@ﬂl giappenser is
a piezoelectrically actuated dispenser. 3. e apparatus of claim?2

wher ei n t torgd wizowkedens speyibiey fetselictios pegpsdguicghgwappfeps grgpaton. The
apparatus of claim2 wherein the piezoelectrically actuated di spenser is an
ink jet dispenser. 5. The apparatus of claim2 wherein the

pi ezoel ectri cal.Iheagparatued | diafpensiaieihsh@prodsop-iodpetabind scleapenser. 6. The
apparatus of claiml wherein the dispenser is a piezoelectrically actuated
cont i nuousyjvdincgeypreforn shapsangd ek girg dheowagiaimEmci@e ei n the driver
conprises a variable gain anplifier. 8. The apparatus of claiml|l wherein
the sel ection specifications include drop volune. 23 9. The apparatus of
clai m | wher el h Thheppdratuabf tipimfl vehersib thanaaviliwearef aeforshdpps isaseciadgedr ed in
a waveform.shape library for selection to configure the waveform generator
10. The aﬁﬁ§}§§ﬂ365¥nwﬂ "m 1 wherein the processor is operable to select
the curvilinear waveform shape and configure the waveform generator. 11.
The apparatus of claim|l wherein the curvilinear waveform shape is

associ ated w2 fha apedratugvEelpinp dtvtenein 1% cuThidnegpeavatars depeisa vmusodakr ei n

t he curviline@r wavef orm shape is a sinusoidal waveform 13. The apparatus
of claimIWREF8in the sel ected curvilinear waveform shape is

13. The apparatus of claim 1 wherein the selected curvilinear waveform shape is

damped.

14. The apparatus of claim 1 wherein the selected curvilinear waveform shape is

rectified.

15. The apparatus of claim 1 wherein the waveform generator comprises:

a data store for storing digital representations of the plurality of curvilinear waveform
shapes; and

a digital-to-analog converter for converting the digital representation of the selected
one of the curvilinear waveform shapes into an analog curvilinear waveform shape signal;

wherein the driver amplifies the analog curvilinear waveform shape signal to

generate the drive signal.
16. The apparatus of claim 15 wherein the waveform generator further comprises a

waveform shape adjuster that controls a pulse duration and waveform shape parameters of

the curvilinear waveform shape signal.
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danped. 14. The apparatus of claim1 wherein the selected curvilinear
waveform shape is rectified. 15. The apparatus of claiml| wherein the
wavef orm generator conprises: a data store for storing digital
representations of the plurality of curvilinear waveform shapes; and a
digital -to-anal og converter for converting the digital representation of
the selected one of the curvilinear waveform shapes into an anal og
curvilinear wayefQrihghaRefelgniak: whdg Rl HaldiEmdiiapehd AR} hirdhes chfteianal og
curvilinear waveform shape signal to generate the drive signal. 16. The
appar at us dfversesing afSunevgrisnde efithe devesignah generator further conprises a
wavef orm shape adjuster that controls a pul se duration and wavef or m shape
paranmeters of the curvilinear waveform shape signal. 24 17, The apparatus

of claim 16 M@ﬂ&ie@pbé]ﬁtu%‘flelfaﬁﬁm&lﬁ@@iﬂ_tﬁéﬁlmﬁﬁ%aaﬁ Uhd HEfst GQMdr@LSd adri ver
setting of an anplitude of the drive signal. 18. The apparatus of claim!]

wherein tﬁ@xWﬂW9§n§ﬂgnal has a first segnent and a second segnent. 19. The
apparatus of claim 18 wherein the first and second segnents have different
curvilinear waveform shapes. 20. The apparatus of claim| wherein the
curvil i near wié@herppah@pef tiaim 1R ovlendiz tlanfirsvareicosna seghenifhavapiiferat us of
claiml wherein the curvilinear waveform shape is a Gaussian waveform 22.
The appar SO ¥RETIATH SHP&Sei n the curvilinear waveform shape is a

| ogi stic waveform 23. The apparatus of claim|l wherein the curvilinear
wavef orm shape is a | ognormal waveform 24. The apparatus of claiml
wher ei n t he cifihkiapeaatvpaldhon hveirage thecuaviliaxaverdvefonavdpe ma Lorentzian

waveform.

21. The apparatus of claim ! wherein the curvilinear waveform shape is a Gaussian

waveform.

22. The apparatus of claim | wherein the curvilinecar waveform shape is a logistic

waveformn.

23. The apparatus of claim 1 wherein the curvilinear waveform shape is a lognormal

waveform.

24, The apparatus of claim 1 wherein the curvilinear waveform shape is a Maxwell

waveform,

25. The apparatus of claim 1 wherein the curvilinear waveform shape is a Rayleigh

waveform.

26. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Chi distribution.
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25. The apparatus of claim| wherein the curvilinear waveform shape is a
Rayl ei gh waveform 26. The apparatus of claiml wherein the curvilinear
wavef orm shape is associated wth a Chi distribution. 25 27, The apparat us
of claiml wherein the curvilinear waveform shape is associated wth a Chi
Squared distribution. 28. The apparatus of claim| wherein the curvilinear
waveform shape is associated wth a Fisher's z distribution. 29. The
appar atus of g} ajjg4 gpMﬁl&eﬂf@m{aq \QM{I81&1|th@&ﬁ011M@WQJc%1ﬁhﬁﬁsc usag@&%@&i at ed
with a Gamma distribution The apparatus of claim| wherein t

curvi | i nearithwaCbf dqumwehdipeibiomssoci ated with a Fisher-Ti ppett
distribution. 31. The apparatus of claim| wherein the curvilinear waveform
shape is associated wth a Map-Airy distribution. 32. The apparatus of
claim | wher exg) Thaeppathiis lof BRaR 1WaNREAHR shapPBciSyARsRe] aapdis abddmtel Nor nal
Ratio distribution. 33. The apparatus of claim|l wherein the curvilinear
wavef or m sHlpelisBerggsbieiibvéen. with a Student's t distribution. 34. The
apparatus of claim| wherein the curvilinear waveform shape is associ ated
with a Student's z distribution. 35. The apparatus of claim|l wherein the
curvilinear veé@henppahiapef clhimdsanrahelk curilined dinictommahapeisdissdcidtbdit i on.
36. The app a%}us of _.cl |mI wherein the curvilinear waveform shape is
associ at ed‘”ﬁ\/ﬁ Fﬁm%i“\)@?lﬂ VO stri buti on. 26 37: The apparatus of claiml
wherein the selection specifications include drop velocity. 38. The
apparatus of claiml| wherein the selection specifications include
anplitude. 33 Thheppq:rpfas at dsimfl wicatimtic wirellieear whetwel depeé srassociated

speci fi cat I nasl*ilslrllc(f‘wﬂppctp &ls%%umnqt h

31. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Map-Airy distribution.

32. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Normal Ratio distribution.

33. The apparatus of claim T wherein the curvilincar waveform shape is associated

with a Student's t distribution.

34. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Student’s z distribution.

35. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Uniform Sum distribution.

36. The apparatus of claim 1 wherein the curvilinear waveform shape is associated

with a Weibull distribution.
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40. The apparatus of claim 1l wherein the selection specifications include
di spenser type. 41. The apparatus of claim| wherein the selection
specifications include fluid type. 27

37. The apparatus of claim | wherein the selection specifications include drop

velocity.

38. The apparatus of claim 1 wherein the selection specifications include amplitude.

39. The apparatus of claim 1 wherein the selection specifications include pulse width.

40. The apparatus of claim 1 wherein the selection specifications include dispenser

type.

41. The apparatus of claim 1 wherein the selection specifications include fluid type.
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