MEMS BUBBLE GENERATORFOR LARGE STABLEVAPORBUBBLES

Field of the Invention The invention relates to MEMS
wolesisoexn2and in particul ar MEMS devices that VRODAUZ@®6/001477

liquid to generate a vapor bubljl e duri ng operation.
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An application has been listed by its docket number. This will be replaced when application number is

known. The disclosures of these applications and patents are incorporated herein by reference.

Background of the Invention
Some micro-mechanical systems (MEMS) devices process or use liquids to operate. In one class of

these liquid-containing devices, resistive heaters are used to heat the liquid to the liquid’s superheat limit,
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print media. In light of the widespread use of inkjet
prmpaE;of thedpyentignesent i nvention will be described wth
particular reference to its use in this application,
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devic %n‘ge cugntrysfor prov1dmg tL gera]ate?wgh a{n electhlce;}/}lmcl:sg such that the heater generates a
vapour bubble in the liquid; wherein,
the pulse has a first portion with insufficient power to nucleate the vapour bubble and a second

portion with power sufficient to nucleate the vapour bubble, subsequent to the first portion,

If the heating pulse is shaped to increase the heating rate prior to the end of the pulse, bubble
stability can be greatly enhanced, allowing access to a regime where large, repeatable bubbles can be

produced by small heaters.
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I . .
ot R bt el B L Bl B B Ropiaty < 1) wigprs
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- L1 il rom se device ergtion or .
S R ARl e Ml B S P A R B bt e e
tvaPopHubRlead dhs egcondBorprip § trigger sepiéon fayyuperhéativg spmeditinilingd tp nucleate the
tva@ufbuelgent i nvention provi des a MEMS vapour bubbl e
generator conprising:.a chanber for holding liquid; a
heater positioned in the chanber for thermal contact
\Wptipnat ghe predhert sbctionieb 2 lehedrderatipin thow fh mrigedr epetiqpr ovi di ng
the heater with an electrical pulse such that the
&ﬁgteﬁ ggneratesfa.v our bubbl e iq the |iquid;
PETh M PREH LR SILEE™P LTS HEr PBn wit h
i nsufficient power to nucleate the vapour bubble and a
ARG, BO brleb® Beclintif e AWESne Hithd dcClof R t 0 Nucl eate the
vapour bubbl'e, subsequent to the first portion. If the
heating pul se is shaped to increase the heating rate
Svtigmrlly, the titive cemdryelapdsiie pplsd wing pidsd bidttematatinl i ty can be
greatly enhanced, allow ng access to a regi ne where
| arge, repeatabl e bubbles can be produced by snal
(Resienalls thepraieat sepfop sayiesies phsey upletivg ke t he pul se is a
pre-heat section for heating the |iquid but not
g | e and the.second portion is
AR, D B AR oBUBR B P U B0EEE0 Dbl 0. 11
a further preferred form the pre-heat section has a
loptigeity, thei it dveragel Pawer faliR phoie@ 8@ tionS E&ohitMnd BE 858 53RLM power in the

%&%ar@éc‘%anhﬁ Sstant,

In another aspect the present invention provides a MEMS vapour bubble generator used in an inkjet printhead

to gject printing fluid from a nozzle in fluid communication with the chamber.
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circuitry shapes the pul se using pul se w dth _
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at | e%&adkd\ﬁesgﬁﬁﬁ)goﬁﬁ@ﬂ'@gﬁ'ed ﬁ’rﬂﬂrdmgﬁxsl onal Iy, the
trigger section is less than one mcro-section |ong.
Optionally, the drive circuitry shapes the pul se using
pul se Ik MEENSHDEwh@b, laedd, stable badaepabthbie bubtika aﬁrdamMéiﬁJr efficient and reliable
SbS&crldoQ nTcJ a%al?se ﬁl@ Eﬂg&%m&ts thQﬁHQﬂdgﬁIc% lbl?D%t:? cgea ?nhan , it i$ necessary to

t1 ona rrve circultr se u3|ng
BrrStdafgj‘éf H%lammé%n@hof thopedtcy ﬁampeyawrﬁ pre 119 ﬁqqléheamla@éxg time evolution of the

eV Finfle ddd@niikictmd) @ddelsHERh® ih lighid 64 bt sictndt BR héahﬁ@rate of the
SLE1 80, BOUBL g T AR S 0!
Vl&%@gﬁpor@gg@f e gqgﬁ@qulte@;rsurgg@@ffqrwt éﬁgrepq'ﬁh}a sitles pf thetehrerard!l beocolder due to
ehifded &folﬂgtb‘yl‘ﬂﬁ hfllll&uuﬂ e %ﬂﬁbﬁhJHéZt&lv@ll b boldbrdho enhanced cooling by the
conq;gyg Ag zlra]év é)%\r;}er\smw tF]]re %hg ﬁ'g gnge e?tajt (? sgllp% ’at| i[lfﬂtgs lgregér::l '$v1%{ respect to the
ihrefoend ilrngscﬂq:slg)[f the caofinei npaizmhibrys, the empeatirs profils offertestatvaltibef soongly distorted

b§ 6RUEY at A bRAnBAGDE Bie £daRD g@eglly\%ettg}nﬂé{ah@edpr&ﬁe WRYRIE ¥ “top- hat” with uniform
VI SCOUsS ption of Drawn

SrEraPPa 088%&3@?}@% 5 P B AT 1 B\ etperar ol

adsepulrddowsi. t h ref erence to the acconpanyi ng draw ngs,
i n which:

The top-hat temperature profile is ideal for maximising the effectiveness of the heater, as only those

portions of the heater above the superheat limit will contribute significantly to the bubble impulse. The
nucleation rate is a very strong exponential function of temperature near the superheat limit. Portions of the
heater that are even a few degrees below the superheat limit will produce a much lower nucleation rate than
those portions above the superheat limit. These portions of the heater have much less contribution to the
bubble impulse as they will be thermally isolated by bubbles expanding from hotter portions of the heater. In
other words, if the temperature profile across the heater is not uniform, there can exist a race condition
between bubble nucleation on colder parts of the heater and bubbles expanding from hotter parts of the

heater. It is this race condition that can cause the non-repeatability of bubbles formed with low heating rates.



Figures 1A to | E show wat er vapour bubbl es generated
at different heating rates; Figure 2A and 2B show two

wa@bkdaosomab: ves for shaping the pul se i nto pre- heat/Aapae/001477
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trigger sections; Figure 3 is ayplot of the hottest
poi nt on a heater and a cool er point on the heater for

two di sha ur wat er

vapour {“}b In%"svl?laaém tﬁ{lé rﬁlét A tfg’é “ﬁld%{’a’il &ggmmetry of the heater and its
sepgtasteang Fbaﬁe@nahummes Eialmaterials B thm@WSOI@Cbubb]heéleater All of these will
gﬁﬁ&ﬁ@tt&duﬂd Séaﬁgoﬁhel%%lﬁg mgéﬂ ﬁﬁkﬁg }?Yypfaél S Yy 4|Fnahlé1 2 typic 1cal S iguration

b
(Pl eI B PR EE LS SRR e gl iguoleation xcees

t he. MENBctbibbld isgeingo@ihos anyrhem @illie bubjent tathe tabdgoRition and the
PEoniatRe@Hobi t; i ryed ,

Erbodi e ntbse%?]a@{gmﬁhgﬁ?tﬁrg !ra% 1§p lgﬂf)&tl ha Ir:l‘glg Ev{llelima%t‘;e ranée ?jf bubble impulse
r@’ﬁ‘éﬁﬁlf fhefetignshl es are desirable for efficient and
reliable operation. To anal yse t he nechani sns t hat ,
MR Tk L e A
hd&iffere heafing saigs &y sryinadhgyvolidep p@headﬁae nukse rpsmnsﬁr@e with fiduration of 0.3

t hidBdseRdhad, the [nﬁ&@es@ﬁwf dafu kR bbb Rs at kiR prbesClcRATE ﬁ}ﬁe Hezh& r1 6'1% I30um X 4pum in
aters in e us to_sh

d
o or M Sued e e R b DT s e 0 e ppcarance
slﬁélieltca#reﬂﬂqieqlwaq tihepibblconprewaltnsuniicacr oss the heater.
This is because since different portions of the heater

are h unk to different de (the sides of the

heat e ?‘%&A 1‘%’et£ Birywiegie el aﬁ%‘ﬁ%\%@a 125535hss ﬁﬁmﬁ‘y‘n‘tnh%‘tem atl

| thigna$ecbng.nthe bhtblearidistively stukiebuhtead egulanstape ddg tehder lehtie In Figure 1B,
tiRe (ﬁﬁ@@)‘ﬂgé%Qe&éagls {oulg \Jabfs a‘h!l"ﬁe &R Aclislm R@gle l Be rhﬁ&yggsre&o 2 microseconds.

\I%‘l 2}’ {)n'glscae or eatl to the su

°ﬁ?ef1“°f‘t fhe puple iz ¥ frgepupubble yigeufarfies L hgrrhig |°<>°tni rFie rigsa yediage
Qfogrdseivelydiedrdasy mmuham SDBpd EHIR7IEBPST @ik aoev praétivlﬂ@ @k the voltage
td%&ea@& ast) ﬁ)rdogxl tﬂlel he%lﬁ% ﬁa&zr tﬁ&l&b’}ﬂmg‘&s g%l‘ ttlﬁlg sc?l% fo %%Qegchmé gle ?iamd superheat

t he Oun arires o eal rat
gt Thigalipesere e £r heaplpakpps fnto thedjapid, remﬁtlﬁgnm mlarg@mmﬂ@tptﬁt@ed thermal
20¢rpsad thh ﬁro&\l’dﬁ)dn&bf f6xa bs wishibubblendcR&ios 8&Brs. o{hQWrords the size of the

h)%ﬁtlé fggnc[:e?ﬁt $ %ﬁwg V%ltag s%.ﬁe%efc?g ret E%g&%%&@%&%}.ﬂéﬁ E}E) 518 bubble to grow
i1Q2 BIER PXt?ﬂb quﬁeawaﬁﬁbs they g‘reeqiﬁem@flﬁ &¢hd byeieshepe @lfo fndrense. Hence the bubble is
hﬁﬁﬁtﬁny un&Sbldal )ionhh&&@ol@ﬁfefl the fidie éagle f'ohﬁeat}ﬁ%% ad suﬁ@ﬁégﬁlrxﬁtf&ceeds 1

S t. Limt ontrlbute signific
SREFORR b 14tk m el PRy w300y s a6 Bifgosconcs
é?@p@ﬁ@h’tl aI functl on of tenperature near the superheat
limt. Portions of the heater that are even a few
bel ow t he mt wll produce a nmuch

T Tirar B DT P50 BOrR G eI b ecs g ol o desiner can
isgdev heatite ritésng generdfiheee pubblt ingnise @fa htdwe whtk fited pedi@ireand thermal

E}tléseﬁéurgs@maﬁa Eﬁjghb\gﬂwt) Bosglﬂﬁnegfﬁgﬁvﬁl Itﬂgﬁwte‘? I ﬁx%dticg]ﬁ%e stable

W hermal |y i sol at ed es expan
BIEb[leé r In 6 ISP |26,ntge e Tlﬁ@t 5Es, tude qulé:ttlﬁlép dg%e‘aﬁfg:he poyerpofige pre-heat
tsestipeltatiativeto reafdgbraeciar 8S & Hidil& 2Be;a11se Kmdtlﬁnd’d@l&uddﬁf th®vofige (creating a

LR Briek B buRboibn R1sESEE b6
n{IbC se aetl Oll’ll éoj ° Cno;ﬁ'l Cfes? parlgsg&jtlg%eldﬁ)c elg VX?gﬂh ghegt d)B%SF 16 compared to the
ST Sf r om hotter parts of the heater. It is th| s

race condition that can cause the non-repeatability of
Eggﬁrﬁrﬁr{ \%{i’%&% rﬂs Eigld Lvﬁll hreec% e t?agthgreatgg %1 %- i S et ot otr‘rll)u?s\évglapes that will
g@éfpfgte chytel@fof £ ﬁ:@hﬁéygp‘é povgﬁaé pxiethgat section and a subsequent trigger section that nucleates

the bubble. Shaping the pulse can be done with pulse width modulation, voltage modulation or a

ley=

combination of both. However, pulse width modulation is the preferred method of shaping the pulse, being



contacts and the thermal properties of all materials
in thermal contact with the heater. Al of these wll

wo ndosoerice the tine scal es of the cool i ng mechepai/amsa06801477
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typical heater material in a typgical configuration
ap;p;le |aﬁaia$letotomosmk¢1ﬁtdesj@g&ﬂ RERR 46 bd no@@ﬂhtmhetpﬁlsé@mtﬁlﬁﬁéd to a pre-heat and

nd |f the ti nucl eati on
o ek 3EEp D duditeh pure N Bpmmal B Pl o P it negating the
abspefifeaithe lpreWPq ipvegfion Skighawore;tiy stdiensmeed @otawimthint donsmueyoder levels.
t DenseRAHE R pbih p?eférr@@ bpfl %rle ikt dedtioh BR ﬂﬁ%a%gkﬁ%]u&?ta&hat is the

| th f
| RptPLaSIo it prulemdorersBenpl - Fgurcs 1A o I E

are line drawi ngs of stroboscopic phot ographs of

vapour BP&&@QL&% Q-I%Fl%mgtfn@tra%%’]ﬂ@; a d)?e: ltegt%ﬁt% B@e% iwyrgoyrbalgb?esnucleation

b%/ ‘rsﬂ\( n? t he voltage of

T ipedeynienn reawneofsher%«?ree@eeﬁ%upethne lmﬁﬁg@sced Figure 3
sitlostvatesetind aanceptt cen lblﬂebdphtasteﬁﬁerdtdﬂ@ln[fo@ﬁtﬁﬁfp&ﬁrtan%v&ﬁlble sidB Bffect of low
hfe@t‘in% Eate‘& 91 the%régl%mgge)? fle L F]gzﬁ bglezeen e%gtte]{ and cV\ﬁer {Ggg)gs of ?he heater

angl e of 15 rees
Tﬁehlaﬁf&F SuBgiBSBY len%wpfea?dawé &y $vgtc@ueeo @ bigher heeiﬁﬂgem Hohftprfiegpee-heat. In this

o¥ayt thecohidrbdids Qﬁbhtt}f&@upé&ﬁﬁ lim#® bH‘fcfr@@l@x ard tRerfAIGWoRitel @y buu;l@s expandlng
dﬁ'dny I?otté/r% go%.g el"thI 1%%1 t§/ g)‘! the‘ﬁ'xeger gur%%f: e ﬁeé QIB Eﬂgsrﬁeét{ ?12’1%34 before s1gmﬁcant

maxi mum nicrose

rple W@Plyn aepra, PO th heatprarpa wilkbe gnoteaffeotiveiyrad edneistently hidlised for bubble
hteadagsn. | ength. In Figure 1B, the drive voltage

decreases to 4.1 volts and the tinme to maxi mnum bubbl e
grow h increases to 2 mcroseconds. Consequently, the

bubbl e RiguresgtAlteflyéamobtrite e bificévenasy e ubaipiilbds éisprddicifid 1argd, stable

tBﬂleééC lﬂle buﬁﬂ@w&lélm?& ﬂéﬁhste@g&negc{ogﬁ}; st \/§ lsﬁéﬁéd%ulgeg GlifAR glﬁfe{u[é the

%{ fl{?gfl %F%uﬁg F?elE g| ctr%gesz;%%rlwél}ilg@%a chgige ef yolgpgmodulation or pulse
tvhéth edulaitiorpt tha heting sippal @lyeaienierskasi fue, bﬁt@eﬂei‘a[rjeplﬁsﬁ &hdﬁh modulation is
fc@ﬁsm&%@ﬁm& Hﬂabtleng mltekxq{IUnQNﬂﬁlé B%@Nﬁ% %r \)ertgint,ult §s an exantnﬁlet' suclé a circuit may

q’oretlrrefor heat age 1nto t I qu
R 5P TR S-St O g PN e Bireamubeimaase s bt
plbb thuredoved tlogybd HoBMle adAROSf a Mﬁféﬂm&iﬁtbﬁﬁc@ cRIC |Tﬁ§-£s |d¥§c’ﬁlssed in the co-pending

%glgfrdggg gésn%o%!) ?erfen)é@{ %g ekl el ? fer efﬁjoA?)elégg sul € ntenﬁs 05 P”E‘ﬁll p incorporated

BesBPerefrBift se, al | owi ng the bubble to grow to a

greater extent. Unfortunately, the irregularities 12

in the I ncreas Hence the bubble is
ot ent i AP el RS Bl Bt SR5 e Berea i wbod b e
Peipfhead. ffbiiet%e’aieiwﬁgtwe of thhiebrisatie prhieaetration ofi someoftiee\pplichnt’s thermal

tiftheas E{Bsﬂﬂﬁowdeﬂ inFTSGMI1€897 s b UssK, 11/@1&%85’ ! Igﬁletnﬁeré.@)&f BRAEY, the
m cr oseconds

rqgrls?enesgf b Ocumaf‘ 18 mﬁvr@?{?tf%}ﬁre&dbé\ﬁ T a way of avoi di ng
t he inst abl I ity caused by the race condition so that

t h ed eSA Qﬁh@d’ no%ﬂeﬁ&e’:o llSQlN)VQlQ@FI s, rI@&aﬁ%? L g gt@c?tﬁ'lﬂtag ar@y of such

ulse o er wt geonet
“°Z g% He P%?F ‘“bar o i Srt‘?saﬂ? sippliciogerphigeiSHRAIES fapesion techmiques
pmnbvlﬂhmtm tesstiefdpemichondpctMEVIS fahdatir Thd dharﬁb’eﬂmlﬁﬁls a quantity of ink.
h‘ﬂé’lgﬁer 18 ﬁs@l@s&a&d&lqpﬁua ﬁﬁmbér Bo ;fll: i & is%é‘elecmgl contecy thcti’l? &%igg drive

itude nodul ation to decrease t

BY °é““ﬁ2%uD%Vé RHSCREAEG b therdriveerirpigint Reveat fip quer 108 exopioty 2 vapour bubbe
18that|fcnce§a dravle ofibk 24phxb@ thainelizla ZHDIOHIHgaEel datk dﬂ%ul&}hﬁ to shape the pulse in

Eﬁ%}tg%gfwxghg%e%g%énﬂg\é 1Jn eﬁc%é ﬁa ﬁf)ag\%gr%)ng g# C%blle impulses from a single

Erddiveyiiee 16 conpar ed to the
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trigger section 18. Ordinary workers in this field
W Il appreciate that there are an infinite variety of

w@uise4Hbapes that will satisfy the criteria oPCEHAU2006/001477

relatively | ow powered pre-heatg section and a
subseaqymnt 44 fol 4@@ﬁfw sH6¥kdopip mta@@tof Wikt vt 1eBblds reanlppdalpbe on a 30pm x

3{5‘8@1 agﬁ‘? %Ee 151&831? tocl%nr%glteﬂbgfsqg havg?:eeg Qag ne,gat}rllﬂéetgltnﬁxlmup extent. Figure 4A
W theﬁuvv@vt@wathwf imd e preftkuuise P Vi for & Heiorpicesmdsy fnjgure 4B, the

Qhaﬁ’efd b§ F\ﬁ@.'wﬂﬁl rﬁ&l@lat@iﬂl Sa%re—ﬂ@ﬁ's&ﬂﬂiﬁﬁzﬁg RAREIA NG sdcbhd pulses separated

S | so be .no h
d‘éﬂl%‘b“afl%seﬁ‘lﬁ‘fis Pl Bie %geaP"%F af b ssiinep A %3%& Bl e i i
G iy greasetl tichuis©dfatle alpminScé et dnopptramsiyrred ¢ thelighid deat tf nypleation in the
%&@ uﬁy 'R 9%@1%& 4 at'nmay the ﬁﬁ&@&ﬂe O(gta%ehﬁ)d{ﬁﬁ&? Frind Su1sebr Itlé‘b?e 4C has a pre-heat

res i nvéntion. Furthernore he sectlons need In contrast,
rarioe aﬁzrﬁ‘vcferrﬁérlgﬁﬂe°°ﬁ‘%§x/\%‘|1°“le% betistor (migtossrignds P %g%meatgoau confras
REYY¥efurd 4D fulsehae b predeat @ttioh bE2.73N dert16 acrs@otds Biioveddly b figger of 4. 2V for
t e RG&! ' ERRE sthaPed pulses (Figures 4B,
AR RES! R A nlnb G R e EARE e pues (i
t4§ agd W)glfﬁé?fg%é%iafrfg St\a%?taéd Y&P%‘@Ple a pre-heat phase the
race is mon by bubbl e nucl eati on because the tine |ag
bet weep. rent..re s of the r |
super ﬁ‘g’éﬂ t g }i)ro lim of jrr gg%l?y aon—rﬁ;ea %&Sﬁd t@eacfél}% n@&ag %@at flexibility in
corteding the bybbly sizf at thh desigppltapecpr dltr@mramwelwatﬁg %k?ﬁﬂ% qf the gre-heat

Re&Qion (8718 ﬂdﬁ@\tﬁfed@btlbe gl%nd@avefdfng QJc1d@i‘ta11!y %elﬂﬁ@fhb El@erﬁe’it 1@t during the
in the gﬂe heat en, the

has
HES }lleétrse lasoélgﬂt & atlf)Ié e%l}?iocsvfr ufltﬁ‘f:h H‘xég?r sectu%nea eI pﬁlée 1€ ﬁulse width
supiekiad dte nlofuiation shawld brdfast enduab éakityyn r@gqn@t@qﬁpprgxm@maof the temperature rise
rﬁe@?ﬁé‘d bp @ dnb (AR, rfcdlc v&égeaﬁﬁx‘é‘ Enudt Ql%‘o Bl @ﬁsunﬂg rﬂ:letuli'gg& section takes the

hé col der re ions eacg1t e su erh [im sthout
Eﬂhsat@tfﬁ%ve § @pg ﬁhﬁ%ﬂ“ﬂ eny I&ﬁf?élawﬁ?f bTY%t%m Wrtinces, withon
eovaamsdngtg thé Ex0amt theo the Beater i@ Ginopsl,  Thive comijlapstiptsyrandfe niehwith routine thermal
NGALAL, SULLARS, [AAGNER LR oREs bRkl [ ¢ 34 before
si gni §cant b expansi on occurs, so the heater
area will be nnre effectively and conS|stentIy
ut i |i sed ifvettiobubbdeeddoibatiicnny whi df exaeple 4Aly.t @rdididy workers in this field
rateth ef fecti venes:
or g B SR PR GRARREIR AER Bistand scopeof e
U@Wﬁﬂ%@%@%@@“@%enendously usi ng shaped pul ses, without
suffering the irregularity shown in Figures lAto IE.
A circuit designer will have a choice of voltage
nodul ati on or pul se wi dth nodul ati on of the heating
signal to create the shaped pul se, but generally pulse
wi dt h nodul ation is considered nore suitable to
integration with e.g. a CMOS driver circuit. As an
exanple, such a circuit may be used to generate
mai nt enance pul ses in an inkjet printhead, where the
i ncreased bubble inpulse is better able to recover
cl ogged nozzles as part of a printer maintenance
cycle. This is discussed in the co-pending application
(tenporarily referred to by docket nunber PUAQ I US),
the contents of which are incorporated herein by
reference. Figure 5 shows the MEMS bubbl e generator of
the present invention applied to an inkjet printhead.
A detail ed description of the fabrication and
operation of some of the Applicant's thermal printhead
ICs is provided in USSN 11/097, 308 and USSN
11/ 246,687. In the interests of brevity, the




contents of these docunents are incorporated herein by
reference. A single nozzle device 30 is shown in
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nozzl es are formed on a supporigng wafer substrate 28
wgiafgs | | t hographi c etching and deposition techni ques
¢conmo ithin in e field sem -conduct or/ VEMS
ﬁabrigﬂﬁbgavqﬁﬂgm%géﬁﬁgpr?ﬁmﬁ%ﬁﬁs a quantity of ink.
The heahagber k@ holdingligipended in the chanmber 20 such that
1T TS e E(%ﬁlt)ﬁe'd GAthe &Qﬁgelaﬁlt thefnd1 Qox&@ﬁw@@nqﬁtﬁ |a¥cf=‘

circuit ry Drive pu Ses gener

ci r cuidfiyepirgminHarrovidng tebecs pith § eB“‘@%P]%sFé‘tcg thgt t{}eat‘ﬁ%ﬁlgenerates 2
ot babtlein tha ditnid; ohaes a dropl et of ink 24 through the
nozz| %heﬁ)glg% %%J? glgt ﬁ%l@ign 91[1111}@‘3%1‘&%& ﬁwetr [&ﬁua%tettﬁé ﬁﬁmbglbﬁd a second

pul se | resent inventiqgn gives
tPArion i ngersuificipnt o audgate thg ﬁ@f@urd’rlbbé% B3peguentip the SEPORPY M a
singl e heater and drive voltage. Figures 4A to. 4D show

tro b%sﬁgﬁg 6%“ gbj) mﬁg?]era\(\@gc%ordzlt_l?ﬁgfa‘gppmb (flé ﬁ}stggm&%@ the pulse is a

ool onha ures
torrehelgishionelar begting the Bquishatpoeagleaiing the zapmtr ehble apdhiRs %ﬁmﬁ" portion is a trigger
QXS Yor supehi@hting sdfd B MOMGidl i RicIALE BE vapbir bstbleliat | on of a
sinmpl e square profile pulse of 4.2V for 0.7
m croseconds. In Figure 4B, the pulse is shaped by
pul se AMEMRE vapuhplizbis gowprator accmheg feshatm %@hqr@sﬂlmvh%bse%l%@s a longer
tQQmﬁQﬁgﬂ§gﬁggq%9&Jses separated by 150 nano-seconds,

lowed by a trigger pulse of 300 nano-seconds, al

at 4.2V. The bubble size in Figure 4B is greater
be c auseMBMS tvireurchaighlingenepitor bdvendinmto caived gherdis themyé-bat seefion i at least two
t | rior to nucleation in the trigger pulse.
I%¥%$%§¥égmgc and 4D, the pul ses are vol tage
nodul at ed. The pul se of Figure 4C has a pre-heat
pso rti QMBMSZapbi tuhle dBneftit p@sdRO PARim 3 whdrawwkelripger stifiof gress than one

1. cglﬁ§%conds to trigger nucleation. In contrast,
fﬁ = gure-4D pul se has a pre-heat section of 2. 25V
for 16 m croseconds followed by a trigger of 4.2V for
G. 15 M UEOSeeREEbblel; é&%ﬂorf&éc@rﬁfn@ﬁa chiin® Atvheyein thé dist cievhigry shapes the pulse
t hat ubb Fperated usi ng shaped pul ses (Figures
4818 f§ are larger, regular in shape and
repeatable Wth the problemof irregularity or
non-r e@ﬁ@m%ﬂohﬂ&ﬁbm&g’i@f@& acchidRg dﬁ,ﬁﬁlﬂﬂ@ﬁerhﬂﬁe pre-Bét section is a series of
f|eXIEI|It LN controlling the bubble size at the
Y15 “or during operation by altering the
| engt h of the pre-heat section of the pulse. Care nust

be gi VEREMS v@ﬁé@ﬂ ﬂbﬂ@gcﬁ&&érqgcmdﬂlk kYol € @8&EifGe B circuitry shapes the pulse

‘superheat limt during the pre-heat section so that

Hﬁ@%@%?%ﬁﬂ’ﬂﬂ@@ not occur until the trigger section.
If the pulse is pul se width nodul ated, the nodul ation

SJ] oul dA p@l\/fsaéﬁou%%ig&nérgorg&c\éﬁmg td &dn @ %@Jﬂ@ the time averaged power in the pre-
approxi mat1on of the tenperature rise enerated by

c‘%?i‘f§?°8?ﬂls °°P§*B‘u%né(5he\?6’fa pugrgeed Py & G EEeLPEEm F&°Y aQ/tEn to

~ensuring the trigger section takes the whol e heater

OV e Q@M%%Q ountﬁl%le éelnépit& aWoIdng ‘?JU%Q 'i] w8 fnglh lﬂ].kjtepprmthead to eject printing

account or systemvariances, W thout overdriving t
t Brid feog sonep7le i Apid povEnRisaioR Wit e paRRRGed. These
conS|derat|ons can be met with routine thermal
ITHd el | Phlu%tgle ératwI agclgrd % di ka tl(?&' Jl‘n #heBB8 suspended in the
pool o nvent | on een escrlbed
WémdwnﬁbvmWQVnéﬂﬂéﬂﬁﬁﬁm@ only. delnary workers in

this field will readily recogni se many vari ati ons and

nodi fications that do not depart fromthe spirit and

scope of the




broad inventive concept.CLAIMS | . A MEMS vapour
bubbl e generator conprising: a chanber for hol di ng
wo p@giodi12a heat er positioned in the chanber foprCt/ABR0v6H001477
contact mﬁth the liquid; and, drive circuitry for
OV ' I\E@«I od? SALRY en\ééatopac%di@l t@élixfni 10 @hert! thS Hulss ikGlnerated for

at t enerates g vapou r-un ?b e in the
rchwa%wl@ﬁ%d‘”t%@eﬂat% YRECEPTYPET  Dor ti on with
insufficient power to nucleate the vapour bubble and a
second portion with power sufficient to nucleate the
vapour bubbl e, subsequent to the first portion. 2. A
MEMS vapour bubbl e generator according to claiml
wherein the first portion of the pulse is a pre-heat
section for heating the liquid but not nucleating the
vapour bubble and the second portion is a trigger
section for superheating sonme of the liquid to
nucl eate the vapour bubble. 3. A MEMS vapour bubble
generator according to claim2 wherein the pre-heat
section has a |longer duration than the trigger
section. 4. A MEMS vapour bubbl e generator according
to claim3 wherein the pre-heat section is at | east
two mcro-seconds long. 5. A MEMS vapour bubble
generator according to claim 3 wherein the trigger
section is less than one mcro-section |long. 6. A MEMS
vapour bubbl e generator according to claim1l wherein
the drive circuitry shapes the pul se using pul se width
nodul ation. 7. A MEMS vapour bubbl e generat or
according to claim6 wherein the pre-heat section is a
series of sub-nucleating pulses. 8 A MEMS vapour
bubbl e generator according to claim1 wherein the
drive circuitry shapes the pul se using voltage
nodul ati on. 9. A MEMS vapour bubbl e generat or
according to claim?2 wherein the tinme averaged power
in the pre heat section is constant and the tine
averaged power in the trigger section is constant. 10.
A MEMS vapour bubbl e generator according to claiml
used in an inkjet printhead to eject printing fluid
froma nozzle in fluid communication wth the chanber.
I'l. A MEMS vapour bubbl e generator according to claim
10 wherein the heater is suspended in the chanber for
imersion in a printing fluid.12. A MEMS vapour bubbl e
generator according to claim210 wherein the pulse is
generated for recovering a nozzle clogged with dried
or overly viscous printing fluid.




