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M CRCOFLUI D EJECTI ON DEVI CE HAVI NG EFFI Cl ENT LOG C AND
DRI VER Cl RCUI TRY FI ELD OF THE | NVENTI ON The i nvention

WO 200808504 0 m crof l uid ej ection devices and i NPCT/US2004/037845

particular to ejection heads for ejection devices
containing efficient logic and driver circuitry.
BACKGROUND OF THE | NVENTION M crofluid ejection
devi ces such as ink jet printers continue to

exper | enc VHICR OEQBI?DaEE@SI‘IQ?N‘DEVPCEHAWNGm s

or | asem PihFa n T T

typi cal | yE—ﬁ%l ME&QMMW
applications. As the capabilities of ink jet printers

are increased to provide higher quality imges at
ELSesdTRE INVRSTIEGNES, €j ection heads, which are

the primary printing conponents of ink jet printers,

cont i Nile inyestiwl velatah dobsteonuidp eectonplegices Andt meparticular to
conpl exi t f the ejection heads j.ncreases, .so. does .
ERBRBrAdt 4 ik dbnderGes Purnie yhaaa ORE R PedRuiny.

there continues to be a need for mcrofluid ejection

devi ces havi ng enhanced capabilities including
iwmm%ﬂ"yﬂw\ﬁmﬁ@h?hroughput rates.

Conpety d i Ve -pre ri ual i.ty and price .
or omot oo R a5 A Bee0 o ARk dbLpRRErCeriado xperience
wiitlh aedpainceds ecanahiidal Feslscdnients RN &ef AR, C8ch ink jet printers
manner,. SUMVARY OF THE | NVENTION Wth regard to the

ey dgarally amwae geratileobipac tasera prEnigE Ao sg/88 appliedtions.  As the

: . 5 Y. Fluid..
SHEIIRGS BETICREHELAL BY LR, Lbididh it thflity images at
fihareateé peotingratactjoctionriseads, splask dreathe phienasy piigs cﬁhhm;l&nents of
lurality of driver transi stors are di sposed on_the i

St pinérs, spiAuep AUPIY HanG DGRAIRS EproFomplgc AS BeCpmalexity of
d U R0R - hERSNinRfealdd® Y 14688 thE Bk SERT grdaﬁ&ﬁgagje%tion heads.
active area ranging fromabout 1000 to |ess than “about

Nevedizelessp thete sbutimes ty lof al iogil doc innicweiftusd iefectionidegicest having
lteﬁﬁﬁ Ie(g ? ga]plggl%lﬁ;%setléﬁaﬁ@gét g{#&eae{scg(b iccgu% 1|tye dantdo hgﬁeer dtHo\{lg{lput rates.

Competitive pressure on print quality and price promote a continued need to produce

ejection heads with enhanced capabilities in a more economical manner.

SUMMARY OF THE INVENTION

With regard to the foregoing and other objects and advantages there is
provided semiconductor substrate for a microfluid ejection head. The substrate
includes a plurality of fluid ejection actuators disposed on the substrate. A plurality
of driver transistors are disposed on the substrate for driving the plurality of fluid
ejection actuators. Each of the driver transistors have an active area ranging from
about 1000 to less than about 15,000 um® A plurality of logic circuits including at
least one logic transistor are coupled to the driver transistors. The driver and logic
transistors are provided by a high density array of MOS transistors wherein at least

the logic transistors have a gate length of from about 0.1 to less than about 3 microns.
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transi stors are provided by a high density array of
MOS transistors wherein at |east the logic transistors

whaws/0507gat e | ength of from about 0.1 to | ess PEOENS2004/037845

about 3 microns.In another enbodi ment there is

provided a mcrofluid ejection cartridge for a

mcrofluid ejection device. The cartridge body has a

fluid supply source and an ejection head attached to

t he cdntanbthge edodinient tHett § peerBRINA GatrbANidWédtioh Rertridge for a
fluid supply source. The ejection head includes a

JeisredBhd eiachpn dewicer alle ravideg bodi s iflwid supply sewice and an
i ecti t i J b , . .
SyatpTasachuaiag o, AR, 00 HENSHIBHER} e i e i
supplyyr sduecd. or Tlor iejectign tiead phaludek i 4 Wemicohfutisl ejBEateOiaving a

act uat or Each of the driyver transistors have an_. .
Ry of %&%mtwnr%ﬂem@ dispeiefl piotie sebta Perlyralifinpf driver
%ﬁ%&'i‘étof'@%s?ogécp 9 R Rhudkate! fof &Hviﬁg 9hé FAlrafil) bF fluid ejection
including at |least one logic transistor “are

catirs.vBich efdbe daderttoansisorscrave @n attivenses wiltls raning from about

b 5P ek ot N5 o BB ad et oS st o
11680 Hafilistor BRSopRrARER doRPRE o Bfe driveMmrakiérs O The ldBvELARI logic
t han about 3 microns. A hozzl e}«f)l ate is attached to

tirpasisiony ewrprisstadrigls demsity artay PEMQS wansisters fhetedn at least the logic

ARFHEE RER YRR Bl TR B b it nGp St L Mg qagoae

plaeris aaachedt wr the WRaticaidactbo sutatrate nor jepdctipg ifitfid €dglefrom upon
The s.ubstratﬁ includes a plurality of heater resistors
drayioai e tlyd cigehen Agfi@orsThe heater resistors have a

prot eqhig‘é\.eaﬂ(ﬁﬂﬁrenﬂfod%me I ggﬁ@d: Qggigﬁg'toﬁ%gtg substrate for an

t hi ckness ranging fromabout I to a
Anlget ponthead) Phasubsiraty imfludds b phirality afihestraesstarsadisposed on the

S S0 e BB o 08 B o i
Ghickidsk %aﬂgﬁ%] adhgbRt 10668 e 3069 I_?ﬁlggt (ﬁx:i’s?' Al ﬂﬁrélﬁ[}ﬁof driver

F
coupled to the driver transistors. driver ‘an
lteagpistors aresilispased qur thei sibstaathifghduieng ithy phurality of flvidS:jection

RSk SERRTRE s BT buibtopR7ac oy GUE Dl ansistor are
abopled Jo the [@RGr trARsiRENANTROEri0é: iddeldelty BRASIRGKs] frotilata high

it provides mcrofluid ejection heads for m crofluid
clepdity gmaeliMe8 transistoreglieieln alulsasthe ilegi yrangsters have a gate

sfé{‘ﬂﬁﬁ 58EE5m bS8t ¢ Blo fysé)ﬁxhlq Sbout 3 microns.

An advantage of the invention is that it provides microfluid ejection heads for

microfluid ejection devices that require substantially less substrate area yet provide
increased functionality. The semiconductor substrates may be used for a wide variety
of applications including ink jet printheads, microfluid cooling devices, delivery of
controlled amounts of pharmaceutical preparations, and the like. In ink jet printer
applications, the substrates of the invention can significantly reduce the

manufacturing and raw material costs of the printheads incorporating the ejection
heads.
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i ncreased functionality. The sem conductor substrates
may be used for a wide variety of applications

wo pbsosli7ng | nk j et printheads, mcrofluid cool PEIyUS2004/037845

devi ces, delivery of controlled amunts of

phar maceuti cal preparations, and the like, h ink jet
printer applications, the substrates of the invention

can significantly reduce the manufacturing and raw

BREEF DESCRIPTTON OFerHEIDRASANGS ncor porating the

ej ection_ heads. BRI EF. DESCRI PTI ON. OF THE DRAW NGS

Fur t héfurthey adiienigess oithe ventioewill Secopme #ppaesab i reference to the

%@&?E& %%&%{’H%g fﬂi’ hgéniglze boemdis g;lrﬂe%dco‘i‘ﬁi%%{eh Rh icg{ﬁiufgﬁion with

preferre en considered I n conjun

thé follokvéng dtakwangsnitudimtng ngs o inbrestanalimithgaspects ofithe envention,
ngn-l.imting aspects of the invention, wherein Ijke
e ke r@ﬁ?&?@&@ﬁ@“&@sée@@@f@ o Simil Sl thicughout the
QERIRN 8w i3t Qu@leWs: the several drawings as fol | ows:

Fig. 1is a mcro-fluid ejection device cartridge, not
to scdlig, 1 gontmioi-Ayidacjrttemodéviced cajrisigei oot tvesmdle, containing a

according to the.invention, FiQg. .2 is a perspective
FFEHRNT Geliiorifs afFoRTRe B b idee on v e

accor dip® #sQ gelPedtié&idvi 6 plek@red3nicfolRiid ejection device according
cross-sectional view, not to scale of a portion of a

9 Ereonventi®nej ecti on head according to the invention;

Fig. 4.]s schemati g drawing qQf. a | pgige cireuit . .
rcoor difig? 15 2 HEo it SHoPHg o swROE e kit bt & microftuid
djeavibn Yeaf acordinpve theihvémiona | ogic circuit accordi ng

to the_ invention; Fig. 6 is a cross-sectional view,

not td&i&ctise, Sclaﬁmél_%%wms Pt afogiggr@iidceerding to the invention;
transiggtosYs ACGRENO Braleing Han YR, FQ loac%cmit Q&:@rcﬁng to the
are cross-sectional views, not to scale portions O
dmventiongt r ansi stors according to the invention; Fig. 9

[ .an_view, not to scale, of a porti.on of a driver, K .
t?aﬁsi%l g?.o? 1§@C@P§§r§?§é0na V?CW, no(% to scale, of a portion 09 logic circuit

transistors according to the invention;

Figs 7 and 8 are cross-sectional views, not to scale of portions of driver
transistors according to the invention;

Fig. 9 is a plan view, not to scale, of a portion of a driver transistor according
to the invention;

Fig. 10 is a plan view not to scale of a typical layout on a substrate for a
microfluid ejection head according to the invention; )

Fig. 11 is a plan view, not to scale of a portion of an active area of a
microfluid ejection head according to the invention; and

Fig. 12 is a partial schematic drawing of a logic diagram for a microfluid

gjection device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
With reference to Fig. 1, a fluid cartridge 10 for a microfluid ejection device is

illustrated. The cartridge 10 includes a cartridge body 12 for supplying a fluid to a

3
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to the invention; Fig. 10 is a plan view not to scale
of a typical |ayout on a substrate for a mcrofluid

wep@snsom head according to the invention; Fi geCT/BSA04/037845

plan view, not to scale of a portion of an active area

of a mcrofluid ejection head according to the

invention; and Fig. 12 is a partial schematic draw ng

of a logic diagramfor a microfluid ejection device
FhsOefttich héudt fie THY B ey bOEIMihEDINDRESREE HNPhel Hrridge
I NVENTION Wth reference to Fig. 1, a fluid cartridge

Pody 32 camey bestpnlied fne e remefe gayreto the cariridgs bpdy.ed.

The ¢ rd . 1hc ridge f

suppl irg SO ek HE8 I ATafes L S Te ARt g amd 2 nosate
fplate d 8 roeytabieing aoizié¢ helds 20. dt & pefped iR ahd Bartritge be removably
cartridge body qr may be supplied froma renpte source
1gaghed ©at tpicERyEuidosigction deyipespche jagﬁ;i ighk JplepEntey 22 (Fig. 2).
i ' bl .
ARy e A L0 2 EE PR I Mo RDREE P P A lcrrical
tchenection rtodthe bécrofuidv gjottioratltvchedThe fexible reorefik 6d includes
ejecti deyice such as an ipk jet printer 22 (Fig.
HeBigabladss ngiign ticonfvedbio e mbsted 16t B i Hgpinghead 14,
on a flexible circuit 26 for electrical cqQnnection to )
Che niAlt BHIATECH VE5E 9t 4 Sl ofca Dewkian o b R westiagfiead 14 is

3BustAfddyf ?@% 8l aRlkik eale, e ARASP cid&idnRbd 34 CoRPRI 8 thé@fhal Reating
the substrate 16 of the fluid’ejection head 14. An

etineng 80 asi @ Wuidgectian suwvdter; foyfheatipp thtei fbuid g a fleidf chaindber 32

j ectd on head 14 | iJJustrated in, Fig. . In this

FuBidd 1o A e 19, HEsR e bt 18 and) aeporite hole 20.
hestdvas tid BVBion3d naslimited W & flgidegédtion hesd Lkﬁ&&{taiﬁfﬁttg a thermal
heatlngi the fluid in a fluid chanber 32 fornmed in tThe

meatngeclements 01 dnikg oase f thesmelhesting elemests 3Adthe heating elements

' [ ' Limted . .
O 54 RIS, R G o o
ehbior Ntitt3 0 .thickndsh earpagefrom dboat Med0 tesioungo® ampstidins. Other

30, the heating elenents are heater resistors .
giestimy, agugiPisgsush s drieroglegisic) deyies B@iBisoshengsed to provide a

FadBBdidgl HeGd %@({g)gcg?g %HO%% iRvehfibgkness ranging from

about” 1000 to a Angstronms. O her
Fluid is provided to the fluid chamber 32 through an opening or slot 34 in the

substrate 16 and through a fluid channel 36 connecting the slot 34 with the fluid
chamber 32. The nozzle plate 18 is preferably adhesively attached to the substrate 16
as by adhesive layer 36. As depicted in Fig. 3, the flow features including the fluid
chamber 32 and fluid channel 36 are formed in the nozzle plate 18. However, the
flow features may be provided in a separate thick film layer and wherein a nozzle
plate containing only nozzle holes is attached to the thick film layer. In a particularly
preferred embodiment, the fluid ejection head 14 is a thermal or piezoelectric ink jet
printhead. However, the invention is not intended to be limited to ink jet printheads
as other fluids may be ejected with a microfluid ejection device according to the
invention.

Referring again to Fig. 2, the fluid ejection device is preferably an ink jet

printer 22. The printer 22 includes a carriage 40 for holding one or more cartridges

4
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fluid ejection actuators, such as piezoelectric
devices may al so be used to provide a fluid ejection

whe@d/oswweor ding to the invention. Fluid i s prorCOEs2000037845

the fluid chanber 32 through an opening or slot 34 in
the substrate and through a fluid channel 36

connecting the slot 34 with the fluid chanber 32. The
nozzle plate is preferably adhesively attached to the

Sllﬂ)baﬁﬁrfaf fhoathghilie agtiveddey @0 logyre m3Bia 4Asuciepd ﬁip%ﬂ dbp’bsﬁir@ a fluid
the flow features 1 ncluding the fluid chamber

afrfanfﬂpfu P@r&gam@wnsfée amedlig 3.nmbg sehfartheaboye.sthe Cpm;ﬁf:té 24 on the
t
Separ %}W %Ii,g?e %@gﬁ g& Tg{}lg}gizgg%gcthpalaconnectlon

dﬁ:tWeHnrth@gnanf ¥ mo theeattidges] 0. Matdcpatrelters i the @nh{hr @R control
nbodi t

e A B T

IR SHBE LA B L NP o o

gn‘lntﬂrl’?éadEJeetmmd)ﬁ]ﬁmdffmm dise flwiyl dieetion beddetd i d:dmtmlled by a loglc

SETH e SRR BN LA B

9. preferably an ink jet printer 22. The printer 22
includes a carriage 40 for holding one or nore

cart r ifdged add, dhytraigrn m@fvnﬁblogh?ecwaﬂﬁmfd@@ﬂumct@n head 14.

[ 2 L m t he
T e A AR A SRR i Sl 6 30 O o
afgttian Tdev124 oOprittee2r amd hascbgautpcﬁt € M e @ H0ACA preférrédi@verter
carriage 40 for provid % el ectrical connection )
ﬁ@é\ﬁoﬁﬂéglﬁ .clrﬁ%rﬂuz@atﬁ i Fige> apd fnciugige a HVIOS transistor 52 ina

9%86‘&1’ Fé Axﬁle acteHF‘P ”t"ra%{ms%% 5&%%%8%1 Q%}NWELL in a P-

nent 0 ca rlage across 't
ctppwsafobtraaa Thg oatpait of théugvdrtaf 50 iptidstofar gute 861 o€ 4 deivexatransistor

SR bSRIrS e o Bt i Ciog dharmg s plEmgrt 3iFhere s at
18Rt Bﬁ@ﬂﬁv&ltﬁﬁ&bt@f‘ 5@ Q@dcdr® e&%rﬁeraf& 'chFheHV 3@ THtghéater element 30

circurt 44 on the flui'd ejection head In conjunction
\Mi preferiely cogsistor heving a refigageirangng fom shoys 70 40 alpht 350 ohms

é)r lggq}% gﬁgr% ggﬁgrflﬁfyefrrénel%bo&q 06 to° éﬁo%’c“lﬁo élhmg.or a fluid

A cross-sectional view, not to scale of an inverter 50 as described above is
illustrated in Fig. 6. As set forth above, the inverter 50 includes an NMOS transistor
52 and a PMOS transistor 54. Each of the transistors 52 and 54 preferably have gates
60 and 62 that have gate lengths ranging from about 0.1 to less than about 3 microns,
most preferably from about 0.1 to about 1.5 microns. Likewise the channels in the
substrate 64 or NWELL 66 preferably have channel length ranging from about 0.1 to
less than about 3 microns. By providing smaller gate and channel length, a higher
density of transistors 52 and 54 may be provided for an area of a substrate containing
the logic circuit 44. Other features of the transistors 52 and 54 are conventional and
the inverter 50 is produced by conventional semiconductor processing techniques.

Cross-sectional views, not to scale of preferred driver transistors 68 and 70 are

illustrated in Figs. 7 and 8. Fig. 9 is a simplified plan view of driver transistor 68.

5
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The logic circuit 44 includes a NAND gate 46 with
inputs 48 fromthe mcrofluid ejection device or

wEri0ansr70£2 and has an output to an inverter S5PCT/BS2004/037845

preferred inverter 50 is CMOS logic circuit
illustrated in Fig. 5 and includes a NMOS transi stor
52 in a P-type substrate and an adj acent PMOS
transistor 54 provided by an NVELL in a Ptype

Fid St 15 @t @ivel REnt6PER h&fing B ighthy @6peIr drald regioh i7@0wh&red driver
ate 56 of a driver transistor 58 that drives t he

Tagsigtond? gemtains bph & hghilycdeped soyrperagion Feand mlskihedansd drain
gg%lﬂg k}gr Gt is al?ote %1%%%? giotﬁg%g rdkl\é/glr trg.l{s?ﬁ?o% %%%d% RGGa gates 78

heater ater ment

pnéfSGr}abmg gute Bagtisdig fadgingdfran rnbsutsd. Ane éesk ahm abguf B amicrons
nor e pr ef er bl

7 bout 150 oh
fafl rﬁrafsa‘;iyo ﬁgaf gb%&% ?qggm&hhgo migrqns . chaap y1¥1g channel
Ler [
e g

1S orth ove
tléreth hyerftthe dBCeri travisisthes 68 AndVDSnallas diisdr dranSﬁto:mhhvmg lower

tra ch of tranpsistors 52
PRt P Beret et e St o tya g g Rhis e then
MaRgbMOtotdl PR RRRE brdlidedlif thedfoutt B9 SR rSsidthis BONBgic circuit
most preferably fromabout 0.1 to about 1.5 m crons.

“rk alvivere transsteth @B nerl 20,i and kssosiatedt mmectam oifCUNVIEL LSugB driver

ref.erab chann th Langi fro ab

B0 b ant Dot o rae DREe] A Dk B R s ot
@adferaBdrahannels tbaagﬁth,zmthl gher density of

transi stors 52 and 54 rraFy be provided for an area of

subst riAedryentransiftords ore’( wgludess pehsirate 2, wineh @rpreferab?y ap-
éﬁ%t %ikgo% st % t.é%ﬂsc‘ '8§fta91d 65%86&@ qiogéd Qb€ ARy AP %‘g%ns for

e 1 nver onvent I onal
smﬁhlemmlﬁ&mwm roeess |mg Ptc&;@bdh r«gumstha@rosﬂesmb poneﬂihal for the‘

views, not to scal [ ef rre drlve transi stors
ARESIFET S9WCs Pniagis §9 5% Fﬁg eptugEgolgthe driyer @ansgstogs 88 and

37'0”9116' EbRnRbD éﬂde\ﬁlemtraﬂﬁétgﬁr 63 rzﬁﬂls'7§t g BRak 'lﬂf convedtional

driver transi stor havi ng i ghtl'y doped drain
rsagloondﬁ'czor pmcwssag ta:thmqwes tlt arlmfsltrad th?ﬂOthc@lmnval trensistonr 198 or 70

Gt PR FRof RS il 5y 2D b ittt el P ijes than
tabalﬁtsglos&ﬁ@ 68 and 70 include gates 78 and 80 having

gate lengths ranging fromabout 0.1 to |ess than about
3 mi criopBnaie.poétesels of & fwhegstion head 14 5 showntn Figs 10. The

rﬂu(fc{ %ﬁ%ﬁgﬂ] ﬁeacdh?épr}?lludes %Véeprgco%la &819 substrate 16 and a nozzle plate 18

attached to the substrate 16. A layout of device areas of the semiconductor substrate
16 is shown providing preferred locations for logic circuitry 44, driver transistors 58,
and heater resistors 30. As shown in Fig. 10, the substrate 16 includes a single slot 34
for providing fluid such as ink to the heater resistors 30 that are disposed on both
sides of the slot 34. However, the invention is not limited to a substrate 16 having a
single slot 34 or to fluid ejection actuators such as heater resistors 30 disposed on both
sides of the slot 34. Other substrates according to the invention may include multiple
slots with fluid ejection actuators disposed on one or both sides of the slots. The

substrate may also include no slots 34, whereby fluid flows around the edges of the

6
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| engths (Fig. 9) ranging fromabout 0.1 to | ess than
about 3 mcrons. The gate length of the driver

W0 eas®swdors 68 and 70 enabl es driver transi stPCEUS2004/037845

having | ower resistance. Typically the resistance of
the driver transistors 68 and 70 is |less than 10% of a
total resistance provided in the circuit by the heater
resistors 30, logic circuit 44, driver transistor 68

Qubstfite apdo aheachators] eMRechine sgdle€ diot 3Y; tHeU&dbstrate 16 may
driver transistors 68 and 70 are preferably operated
d’thl‘adev@P}it@&‘é QfopgHiBgs epe exAdoBoRIBore geapier dpigest (Ihgnozzle

%ﬁ’eﬁ r%férzﬁ%g H‘{adg gk Exg leaﬁst%ﬁﬂ H&Eid1sR0P %féoqgmﬁ?ey %reattz&ed to

|nc rate i's prefera
Shémﬁmmmeubstrate Areas 84 and 86 are N-doped source

and drain regions for ors 68 and_70.._ Area 88 .
is a M%@a%r 4ofﬁqle1rﬁ.sf{ f%ﬁa’&\ﬁt YESIansistTs, 8% Srillpstratgdgp detail in
taﬁﬂaﬁ RARS oS LR 2RI 699 &5 51901139 Qig%fe re%éégxﬁtsé a portion of a

features of the driver transistors 68 and
dymoal ﬂmea’ronairasaami adtizve tarean Sihstagtive 882 Ghdf 10 sabmamau@pmferably

duct
e e R PRt Ao TATHCht N mil sngge overa
aéhgqndlmm%h@%gm‘g 8 abdR 8300 Rong & AJ0B26,000 microns. The
preferably fromabout 1 to | ess than about 20 ohns. A

e tpansislorn 6B araprovisied abs pHcl P manging fé@mabwtri@amcms itg about

%Bf%rdrﬁ. mﬂ’lg bug @% f ldLﬁ 0 déreo%g 9@ hs%q/éd[l é t (gee%ower to

a sem con U or su str a nozzl e

ttloe ddvéces ibdieragtiee dr6a 94\ah<a§00:hé hedterdesiite 3ar eas of t he
sem conduct or _substrate is shown providing preferred
| ocat iBAPartisplariygreferpd empedipnenty thegprea elra pglp driverdragsistor 58

%the%ﬁl&ﬁﬁh T Eﬁ)%trﬁtreQ%ShaE f‘?%stres%gé"gudtﬁ] raﬁ' ﬂ1g dﬂ’&’n ab&ﬁ 100 to

substrate 1 nc udes a sin
ﬂéss itbhrs abeiut 460 inmikrone ahd an hedteares o 'p&fﬁablyfiéhstthat ahime 15,000

posgd on _bot h, si des of the sl ot However ,
|H’i‘benir o amRHer, agtivie apa 84 ip @%@%@b%y&%%éwqﬁgtraamstors 58

PRl Tl 80 Sl ) SR L o o
34 deribed abonwst Tdtedsae smaliérmged B reduere fov det ]ogm aimyit 44 (Fig.
D o L B SR o s
0.1 to less than about 3 microns.

Fig. 12 is a partial simplified logic diagram for a micro fluid ejection device
such as a printer 22 (Fig. 2) according to the invention. The device includes a main
control system 100 connected to the fluid ejection head 14. As described above with
reference to Fig. 10, the fluid ejection head 14 includes logic circuitry 44, device
drivers 58 and fluid ejection actuators 30 connected to the device drivers 58. A
programmable memory device 102 may be located on the ejection head 14 or in the
control system 100 of the printer 22. The printer 22 includes a power supply 104 and
an AC to DC converter 106. The AC to DC converter 106 provides power to the
gjection head 14 and to an analog to digital converter 108. The analog to digital
converter 108 accepts a signal 110 from an external source such as a computer and

provides the signal to a controller 112 in the printer 22. The controller 112 contains

7



substrate may al so include no slots 34, whereby fluid

flows around the edges of thesubstrate 16 to the
wa@ewaaswns. Rat her than a single slot 34, the BUbES2084/€37845

16 may include nmultiples or openings, one each for one

or nore actuator devices. The nozzle plate 18,

preferably made of an ink resistant material such as

polyimde is attached to the substrate 16. An active

drgadOAcesefiwicorttoliing thetfendionwdithd ejactindtead $4i The controller 112

iIIustrate? in detail in a, plan . vigw of the active .

alse acopipIns, qfaag memery; andf logisr 8195y 108 PGB (g reading the

i, §08. iPRR), B (R aioRMaRed | ve area. The active

area 94 of thHe substrate 16 preferably has a width

di mensti sncontanapigied,ganidr wilh bd eppardrd Go tthosshsdilted4@0the art from the

m crons and .an overall |ength dinmension D yangi fr.om
SHGAEG, SO6TRT Gd 15 AHSTPIREnBoR A oGl Peaticah and
GhinbRs PRI HARY $n WELeRbOUILEE &t R RivbmibnD rAaREIdRELy, it is
from about mcrons to about 84 mcrons. A ground bus

opraselly stensied thajdee Becgaing desevtvacngd shpresompanyiosdraviings are

the. devices jn the,active are h r . .
LGy G Gt R sR AL Ry i st D B e spiv
bhé@ s@peaf ée Reshnigiventidhibéletetmiied by tréferébSe tothé Bgpended claims.
sem conductor substrate has an active area width

rangi ng fromabout 100 to | ess than about 400 nicrons
and an active area of preferably | ess than about
15,000 m. The smaller active area 94 is nmade possible
by use of driver transistors 58 having gates | engths
and channel |engths ranging fromabout 0.1 to |ess

t han about 3 as descri bed above. Likew se a snmaller
area is require for the logic circuit 44 (Fig. 10)
because of the use of transistors 52 and 54 havi ng
gate |l engths ranging fromabout 0. to | ess than about
3 mcrons. Fig. is a partial sinplified | ogic diagram
for a mcro fluid ejection device such as a printer 22
(Fig. 2) according to the invention. The device

i ncludes a nmain control system 100 connected to the
fluid ejection head 14. As descri bed above wth
reference to Fig. 10, the fluid ejection head 14
includes logic circuitry 44, device drivers 58 and
fluid ejection actuators 30 connected to the device
drivers 58. A
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progranmmabl e menory device 102 may be | ocated on the

ejection head 14 or in the control system 100 of the
WEeo0sH08r70L£2. The printer 22 includes a power sPEPU§2000d37845

and an AC to DC converter 106. The AC to DC converter

106 provides power to the ejection head 14 and to an

analog to digital converter 108. The analog to digital
CLADMSerter 108 accepts a signal 110 from an external
VVh%PurﬁF %tCh as a conputer and provides the signal to a

YIRETBPPEY 112 in the printer 22. The controller 112

1. cont akMfcoRllQ@HC saRvhaeSor homicofltidokectigh thiead,f thec kubstrate
of the ejection head 14. The controller 112 al so
compsiFtng ns | ocal nenory and logic circuits for

pro ] ' V. j ny, on the

bl CEPREN e A fe R Rudle ABUROORE bl ©

ap papdurblitycoft Boee skisistad disposed oar thef substrathifor driving the

e AR S0 NS, JSS R 8 DB

enbodi ”%tvﬁlr%)fm gxbg'vé ﬁ%@nﬂa}}gﬂg AR OFNGDY0 td UedsSthan about
ended that t

expressly i or egol ng descri ption and

t he accolfiydfyimgaddawi ngs are illustrative of

preferred eppodi nents only, not, limting thereto, and

P hea Dl phREE AR anapiinha lgrs: Phel e bRt bre &plea
I nvent i og thed sk aandisisd. by reference to the appended
claims. CLAIMS What is clained is: 1. A seniconductor

subwhergineeatly of therdrivien ihd)lagicefransisiarn comatse 4 high density array

act vat or& HREDReBREs Mool bt 10k Bl P eac

driver tleAghiosioisabdusPseibsothah AbowBhaicrake for
driving the plurality of fluid ejection actuators,
each of the driver transistors havi n%}g@ﬂ ctive area

2. rEagisegicordieornabstratooy ¢laim ds ¥hershy §5Cligh agthators

andc(?n Jdi@libt ¥si0ford 0gic circuits conprising at |east
one Ic transistor are coupled to the driver

transi stors,
3. The semiconductor substrate of claim 2 wherein the heater resistors have a

resistance ranging from about 70 to about 150 ohms.

4. The semiconductor substrate of claim 1 wherein the driver transistors comprises

transistors having a lightly doped drain region.

5. The semiconductor substrate of claim 1 wherein the driver transistors have an

active area width ranging from about 100 to less than about 400 microns.

6. The semiconductor substrate of claim 1 wherein the logic circuits are configured

to select a gate of the driver transistors for driving the ejection actuators.

7. The semiconductor substrate of claim 1 wherein the driver transistors have an on

resistance of less than about 20 ohms.

8. The semiconductor substrate of claim 1 wherein the driver transistors comprise

transistors having lightly doped source and drain regions.



wherein each of the driver and logic transistors
conprise a high density array of MOS transistors
wob@sesrroat | east the | ogic transistors have aPQHUS2004/037845
| ength of fromabout 0.1 to | ess than about 3 m crons.
2. The sem conductor substrate of claim1l wherein the

fluid ejection actuators conprise heater resistors. 3.
9. Thhe sentesinetae sehstistshet elaine 1ovhetiai the Arivpretransistark gomprise

P58, %, IRt SRR ARRED I AR 5

of @li@bm.1 wherein the driver transistors conprises
transi stors having a lightly doped drain region. 5.

The sem conduct or substrate of claim1 wherein the i
10, g, S PHINSHOS SBP LA 06 A d¥herEn & Qriyprot AnSESieTg icAgPTise

: .
I OfFL QM h&@igg t&%?%l?ge? ééngg{}gﬁ%?%%fﬂ’pv\%om 6.1 %ess &an.gagut 3

sem conduct or erein the logic
ci romdgroms.are configured to select a gate of the driver
transistors for driving the ejection actuators. 7. The
sem conduct or substrate of claim1 wherein the driver

11.t Agiitiedaarfsr 4PMR jeprBfer’ @flaffifhe s&hicbf&ftdrRAnstAROM claim
20 ohns. 8. The Seni conductor substrate of claim1l

whetein the driver transistors conprise transistors
having lightly doped source and drain regions.9. The
sem conduct or substrate of claim1 wherein the driver

12.t Tlan piinthedds of claf i19 ewhérainsths Rid efeatidngbtdat 8t @nlp2RE hbater
ran%ing fromabout 0.1 to |less than about 3 mcrons.
fesistoend by Beaduetigforsshays erietectsre layasioemprisingrdiamonchiske

oy NS BRSO 613 00 A e

about 3 microns. . Aprinthead for an ink jet printer

13. 7R S i oot P RAGR G S e oD Vi BEPBAAE
act e e YRIP hhviag Rahlig Supply source and an ejection head attached to
the cartridge body in fluid communication with the fluid supply source,
the ejection head comprising:

a semiconductor substrate having a plurality of fluid ejection
actuators disposed on the substrate;

a plurality of driver transistors disposed on the substrate for
driving the plurality of fluid ejection actuators, each of
the driver transistors having an active area width
ranging from about 100 to less than about 400 microns;
and

a plurality of logic circuits comprising at least one logic
transistor operatively coupled to the driver transistors,

wherein each of the driver and logic transistors comprise a high
density array of MOS transistors wherein at least the
logic transistor has a gate length of from about 0.1 to

less than about 3 microns; and

10



resistors and the heater resistors have a protective
| ayer conprising dianmond |ike carbon with a thickness

wOo amgiosgof r om about 1000 to about 3000 Angstr OPET/USRIN4/#$7845
mcrofluid ejection cartridge for a mcrofluid
ej ection device conprising: a cartridge body having a
fluid supply source and an ejection head attached to
the cartri dgeansaylei platel aitaphed ipthe ceamiepndpion subgrate for

fluid supply sourc w{g ﬁg de&feke%np%ﬁ n %ﬁg&#ﬁ’f pg-thcfaﬂuld

seni conduct or subs? avin
ej ection actuator sejed;tm%aﬂto@@ the substrate; a
plurality of driver transistors disposed on the

substrate for driving. the Lur y of fluid ejection
14. 5t he migpEuideieqiiop cagipdeet °€"’é r‘é{ %rplélttb? fupgipdiignagptuators

gcg%%{ﬁpfgs%%a{’@r ‘i’ééi‘st&"é‘ gblgg 1re9i gﬂa%%érﬂ ab63570 33bout

m crons; ura Ity of Togic circuits
conp¥( simg at | east one Ioglc transi stor operatively
coupled to the driver transistors, wherein each of the

er an o] si,st oS co e h densi

{eehicf R “rctioh! GRBHES BF S1ERnTL ity I RufROgHL bf the
t r agHisE4te foheteh df B @ives AShIstO 1 %éﬁ‘ﬁ@hpaﬁou@ 1000 ® 1b®SBan
than about 3 m_crons; and 10a nozzle plate attached to

t heabpahi 2,80@uoYor substrate for ej ecting fluid
t her ef rom upon actlvatl on of the fluid ejection

acf.uat or s 4.. The m t] ca tr| e ,of

16.0 R eient Pl of o o BB i 4R, Blasisors
heat@hprisestabigfoss Kaammlgatryeﬁ)psd &g eregRngi ng from
about 70 to about 150 ohns

17. The microfluid ejection cartridge of claim 13 wherein the logic circuits are
configured to select a gate of the driver transistors for driving the ejection

actuators.

18. The microfluid ejection cartridge of claim 13 wherein the driver transistors have

an on resistance of less than about 20 ohms.

19. The microfluid ejection cartridge of claim 13 wherein the driver transistors

comprise transistors having lightly doped source and drain regions.

20. The microfluid ejection cartridge of claim 12 wherein the fluid ejection actuators
comprise heater resistors and the heater resistors have a protective layer
comprising diamond like carbon with a thickness ranging from about 1000 to

about 3000 Angstroms.

21. The microfluid ejection cartridge of claim 12 wherein the driver transistors
comprise transistors having a gate length ranging from about 0.1 to less than

about 3 microns.

11



10

15

15. The mcrofluid ejection cartridge of claim13
wherein the active area of the substrate for each of

W b@sasi79er transi stors ranges from about 1000P€DURHE4037845

t han about 15,000 m®R2. 16. The mcrofluid ejection
cartridge of claimwherein the driver transistors

conprise transistors having a lightly doped drain.
22.r égiesricontinctompubstrate forf dnuinkl jes jpeiothicarh theagubstrajeyeoraprisingli m

B

ej ect i onhagigiat protecti¥-layldrecomyiisife Biathoai €liitd ofrbon with a
cartridge_ of claimwherein the driver transistors have
an on redidnesdangng fremsaborb 0B ahoud B0Yh/Besrens; The

- m C4 g)fhlll‘#h% Sf %?JVEIO ﬂaﬁﬁgtgfsi 8119 osgtﬁ 0%' .enl ﬁgtgif%r tcﬂﬁlhr%% the
driver transistors conprise transistors having I'tghtiy
doped sopluegitpofiilvd @jcotioegitoaiers; 4. The m crof | ui d
ej ectjon, cartridge of claim12 wherein the fluid
€] o PHEHitG of lnBGRcds APIPEEng abicast opeiagt Grnsisipidrg srupled
heat er rgsj protective |layer conprising
di anond ﬁﬁki&ggﬁ%ﬁ%\;&f%’sﬁ a thickness ranging from
abowhereOéch of tirodrived @00 lokig stustntms c@thprifhehighaleodityuarday
ej ection i dge of cJ] aim rejn. the driver
Cr anst ot 8 S1O% aRuErs, PhfePeat et Brcionls Bughias® Parmye e
rangi ng foh AR atfbul 011Q0 188 thah RBSLLARAKE3, M Crons.
1122. A sem conductor substrate for an ink jet
printhead, the substrate conprising: a plurality of
heater r.esi.stors .di spos on 4,he, substrate, the heater

2338 Seph R o RO Bat) 2 Sy @HRCiefer iR Hita 2
| i k2sieRhbofningfrom kvug R0 s sbouang dignd.r om about 1000
to about 3000 Angstrons; a plurality of driver
transi stors di sposed on the substrate for driving the

24. PYIY @hibdhdobtol stisthaf) &%ﬂiﬁ@ﬁﬁéﬂéﬁ WS dri P qransistors comprises

transistors having a lightly doped drain region.

25. The semiconductor substrate of claim 22 wherein the driver transistors have an

active area width ranging from about 100 to less than about 400 microns.

26. The semiconductor substrate of claim 22 wherein the logic circuits are configured

to select a gate of the driver transistors for driving the ejection actuators.

27. The semiconductor substrate of claim 22 wherein the driver transistors have an on

resistance of less than about 20 ohms.

28. The semiconductor substrate of claim 22 wherein the driver transistors comprise

transistors having lightly doped source and drain regions.
29. The semiconductor substrate of claim 22 wherein the driver transistors comprise

transistors having a gate length ranging from about 0.1 to less than about 3

microns.

12



a plurality of logic circuits conprising at |east one
| ogic transistor are coupled to the driver
W0 e@sssE0or s, wherein each of the driver and | BQI/US2004/037845
transi stors conprise a high density array of MOS
transi stors wherein at least the logic transistors
have a gate length of fromabout 0.1 to |ess than
about 3 nicrons 23 The semi conductor substrate of

s0. osEpiRnt Ty PrlrtY b St a0 Tt A AN Tl comprise

24 .trahsRtosERAVERNS bigdin@ ] 18HIRB kanigy Hém abaitrd. PR lekethen gbout 3
t he dr| ver transistors COITprI ses transi stors havi ng a

I'i gAtcrpsdoped drain regi on. 25. The seni conduct or
substrate of claim22 wherein the driver transistors
have an active area width rangi ng fromabout 100 to

| ess than about 400 microns. 26. The sem conductor
substrate of claim 22 wherein the logic circuits are
configured to select a gate of the driver transistors
for driving the ejection actuators. 27. The

sem conduct or substrate of claim 22 wherein the driver
transi stors have an on resistance of |ess than about
20 ohns. 28. The sem conductor substrate of claim 22
wherein the driver transistors conprise transistors
having |lightly doped source and drain regions. 29. The
sem conduct or substrate of claim 22 wherein the driver
transi stors conprise transistors having a gate |ength
ranging fromabout 0.1 to | ess than about 3 m crons.
1230. The sem conductor substrate of claim 22 wherein
the driver transistors conprise transistors having a
channel length ranging fromabout 0.1 to |l ess than
about 3 mcrons. 13
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