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| NVENTI ON [ 0001] The subject invention generally relates to ink jet
printing, and nore particularly to a thin filmink jet printhead having a
hi gh nozzl e packing density. [0002] The art of ink jet printing is
relatively well devel oped. Commercial products such as copput®r 2oosnt ers,
graphics plotters, and facsimle nachifes have been inplenmented with ink
jet technology for producing printed Thedia. The contributions of

Hew ett - Packard Conpany to ink jet technology are described, for exanple,
in various articles in the Hew ett-Packard Journal, Vol. 36, No. 5 (Muy
1985); Vol. 39, No. 5 (Cctober 1988); Vol. 43, No. 4 (August 1992); Vol.
43, No. 6 (Decenber 1992); and Vol. 45, No. 1 (February 1994); al

i ncorporated herein by reference. [0003] Generally, an ink jet image is
formed pursuant to precise placenent on a print mediumof ink drops
emtted by an ink drop generating device known as an ink jet printhead.
Typically, an ink jet printhead is supported on a novable print carriage
that traverses over the surface of the print nmediumand is controlled to
ej ect drops of ink at 10006486 29 Nov 2005 2 appropriate tinmes pursuant to
command of a m croconputer or other controller, wherein the timng of the
application of the ink drops is intended to correspond to a pattern of

pi xel s of the image being printed. [0004] A typical Hew ett-Packard ink jet
printhead includes an array of precisely fornmed nozzles in an orifice
plate that is attached to an ink barrier layer which in

COMPACT INK JET PRINTHEAD
BACKGROUND OF THE INVENTION

[0001] The subject invention generally relates to ink
jet printing, and more particularly to a thin film ink jet
printhead having a high nozzle packing density.

[0002] The art of ink jet printing is relatively well
developed. Commercial products such as computer printers,
graphics plotters, and facsimile machines have been
implemented with ink jet technology for producing printed
media. The contributions of Hewlett-Packard Company to ink
jet technology are described, for example, in various
articles in the Hewlett-Packard Journal, Vol. 36, No. 5
(May 1985); Vol. 39, No. 5 (October 1988); Vol. 43, No. 4
(August 1992); Vol. 43, No. 6 (December 1992); and Vol. 45,

No. 1 (February 1994); all incorporated herein by
reference.
[0003] Generally, an ink jet image is formed pursuant to

precise placement on a print medium of ink drops emitted by
an ink drop generating device known as an ink jet
printhead. Typically, an ink jet printhead is supported on
a movable print carriage that traverses over the surface of

the print medium and is controlled to eject drops of ink at



turn is attached to a thin fil msubstructure that inplenentsiqi igd N
heater resistors and apparatus for enabling the res?gtors. Tﬁg@Pﬁksggr?ier
| ayer defines ink channels including ink chambers disposed over associated
ink firing resistors, and the nozzles in the orifice plate are aligned '
with associated ink chanbers. Ink drop generator regions apevdwraved by the
i nk chanbers and portions of the thi filnlsubstructure and the orifice

plate thaflare adjacegt tpe i nk chanb . [0005] The thin filn1substructure
is typically conprise of a substrate such | C r med
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cited above. Further exa es of ink printheads are set forth [n
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are aligned with associated ink chambers. Ink drop
generator regions are formed by the ink chambers and
portions of the thin film substructure and the orifice
plate that are adjacent the ink chambers.

[0005] The thin film substructure is typically comprised
of a substrate such as silicon on which are formed various
thin film layers that form thin film ink firing resistors,
apparatus for enabling the resistors, and also intercon-
nections to bonding pads that are provided for external
electrical connections to the printhead. The ink barrier
layer is typically a polymer material that is laminated as
a dry film to the thin film substructure, and is designed
to be photodefinable and both UV and thermally curable. 1In
an ink jet printhead of a slot feed design, ink is fed from
one or more ink reservoirs to the various ink chambers
through one or more ink feed slots formed in the substrate.
[0006] An example of the physical arrangement of the
orifice plate, ink Dbarrier layer, and thin film
substructure is illustrated at page 44 of the Hewlett-
Packard Journal of February 1994, cited above. Further

examples of ink jet printheads are set forth in commonly



printhead that is conpact and has a | arge nunber of ink dropgRIad®rs.
BRI EF DESCRI PTI ON OF THE DRAW NGS The advantages and features of the

di sclosed invention wll readily be appreciated by persons skilled in the
art fromthe follow ng detailed description when read in conjunction with
the draw ng wherein: [0008] The advantages and features of 2t heswizsckosed
invention wll readily be appreciated by persons skilled in the art from
the followi ng detail ed description when read in conjunction with the

drawi ng wherein; [0009] .FI lis,a n I maty I VA
illustrati onai)?lgﬁ‘aegl ayéut QSFePhk4d?&§’322e§gltdzﬁg%én act|oe%n|0dron'E‘ta’i %Lg '53e ect of
an ink jet ppbohheadwhbah eppl dysotheratadeneérenn pPOtOfeFeBe2 is an

unscal ed schematic top plan view, illustrati f.the | ayout of i
generators ah@904} oyndcgﬁﬁg@r&tl?ﬂﬁ Vh hﬁiéll?%grfh}rﬁe%&ik gggl%olﬂg%%%gf
FIG 3 is a sghensti tncpassdaldubrakan saway anfgbspechsveave efraafit ey i nk

jet printhead of FIG 1, [0012] FIG 4 is illustration of th 0013] FIG
5 is |ayersadf mee t bk W g?néﬁaﬁﬁ%ala&!ﬂ};‘%eﬁﬁ;‘i cfepeaqtiszpt op- pf an

ink jet pri néH?@QKQ&.F_‘ Grhdrea ischenBb+8iAgDY Clai ONe &l geomerahi et fetm
substructure of the printhead of 10006486 29 Nov 2005 4 [0014] FIG .6 is a
partial top pranthped §éméraly ycorpRest PREI gt e 1ayoat NOPPETr &fr ekt at ve
FET drive cjpgHi Leakha¥o28d a ground bus of the printhead of FIG 1.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the disclosed invention
will readily be appreciated by persons skilled in the art
from the following detailed description when read 1in
conjunction with the drawing wherein:

[0008] The advantages and features of the disclosed
invention will readily be appreciated by persons skilled in
the art from the following detailed description when read
in conjunction with the drawing wherein:

[0009] FIG. 1 is an unscaled schematic top plan view
illustration of the layout of ink drop generators and
primitive select of an ink jet printhead that employs the
invention.

[0010] FIG. 2 is an unscaled schematic top plan view
illustration of the layout of ink drop generators and
ground busses of the ink jet printhead of FIG. 1.

[0011] FIG. 3 is a schematic, partially broken away
perspective view of the ink jet printhead of FIG. 1.
[0012] FIG. 4 is an unscaled schematic partial top plan
illustration of the ink jet printhead of FIG. 1.

[0013] FIG. 5 is a schematic depiction of generalized
layers of the thin film substructure of the printhead of
FIG. 1.



[0015] FIG 7 is an electrical circuit schematic depicting theyelesrdai cal
connections of a heater resistor and an FET drive circuit of the printhead
of FIG 1. [0016] FIG 8 is a schematic plan view of representative
primtive select traces of the printhead of FIG 1. [0017] FIG 9 is a
schematic plan view of an illustrative inplenentation of am ET 2doisve
circuit and a ground bus of the pri ntpead of FIG 1. [0018] FIG 10 is a
schematic el evational cross sectional view of the FET drive circuit of

FIG 9. [001 I 11_is an.unscal ed _s¢h tpc . p ect i Vi

printer in wﬂ’egl"?he pF#?ﬁ' h26ad15f <'f‘hé’air?lcvlegi {c:)%pc};lls%e bggrrgl o%/%r%iElrgl LED
DESCRI PTI ON OF1THErBt S€5OSURE | naydet f adfl owl ngedetachedtdescFEPt idniaad in
the several figqures of the drawin l.i ke el nts are ., identif] ith

li ke referenGdThlmEr 8F52Y] 68%0? 9ﬁgPﬂ8 ?B?I%&nﬁ&ed%flarilT% e%%rﬂiqg igin' and

in the sevegabibjguresIol the dsawiaiy, dldxrelementsimreit i destiefidaedcw th
| i ke reference nunerals. [0021] Referring nowto FIG 1 - 4, schematically

i | lustrated BRBLEFANEr &NGnSdEEH ISEHe AATNE TR SViHwS dRPtPerspetiTve

views of an Lpk Lat ppri Athead-100uin whi eRet BeintA¥EAt benFean be enpl oyed
and which generally includes (a) a thin filmsubstructure or die 11
conprising al80B&Irat eFISuch B8 Bigqhedntafd PREV HgeVaPf otRPIPFNFRFHY Fayers

formed Cher g9t (bl eaachakcbareiee bavenel3 dnengsadoencie uhin 10006430

29 Nov 2005 m substructure ) an orifice or nozzle plate 13
laminarly atf{@QOR&d to FAE.tof ofisheai nkedhmmatd,c 1221an 00Z2EWThet hi #0f il m

S“bStr“Ct“reiligggggEE%%Si leh%%%g%ﬁ%%do%i&%Pk%fﬁd%f&gﬂcifbdﬁﬁﬁ?ﬂdeF
exanpl € pursuan 0 conventional 1 nt egrate circuit techni ques, and as
ground bus of the printhead of FIG. 1.
[0018] FIG. 10 is a schematic elevational <cross
sectional view of the FET drive circuit of FIG. 9.
[0019] FIG. 11 is an unscaled schematic perspective view
of a printer in which the printhead of the invention can be

employed.

DETAILED DESCRIPTION OF THE DISCLOSURE

In the following detailed description and in the
several figures of the drawing, 1like elements are
identified with like reference numerals.

[0020] In the following detailed description and in the
several figures of the drawing, 1like elements are
identified with like reference numerals.

[0021] Referring now to FIG. 1 - 4, schematically
illustrated therein are unscaled schematic plan views and
perspective views of an ink jet printhead 100 in which the
invention can be employed and which generally includes (a)
a thin film substructure or die 11 comprising a substrate
such as silicon and having various thin film layers formed

thereon, (b) an ink barrier layer 12 disposed on the thin



schematically depicted in FIG 5 generally includes a silicoqo?%%i%%gte
11l a, an FET gate and dielectric layer 111b, a resistor |ayer c, and a
first netallization layer laid. Active devices such as drive FET circuits
described nore particularly herein are formed in the top portion of the
silicon substrate 111a and the FET gate and dielectric |ayernddbooswhich

i ncludes a gate oxide |ayer, polysilicon gates, and a dielectric |ayer

adj acent the resistor |ayer 1lllc. Thith film heater resistors 56 are

formed by the respective patterning of the resistor |ayer 11 nd .the
first nmetal |f2HE iDL TRIY HEd £P ﬂ?lghﬁét%&%%f? Lﬂﬁtaﬁ%‘? 1
includes a coiROShE By PRASSANMRLH Ofo | BET topbo £0MRE | Shindbdoriexanpl e a silicon
nitride layer and a ~silicon carbide |ayer, and a tantal um nechani cal

passi vation 189221 11117h¢ hathbverfibe AUPTHMCHHE heldt erCOMR i G Dr €56, A

gol d conductjye.tayeLqldig-Qverdiestidie id ardaldindfy ixakiblfe du32Antlhe
ink barrier lTayer 12 is formed of a dry film that is heat an ressure

| ami nat ed t ot® heUWaNFiomal sdpdaar@tfi%e £1rsHdtphbeelRt Ined: t A1%r @S
therein ink s@ﬁéﬂ?@féaﬂ?ydkﬁ§9§ﬁﬂﬂpvﬁh heater 7 egbnbeb3196 anElhdks a
ads

channel s 29. Gold bonding p 74 engagable for external _ el ectrical
connect i ons @k kicer medgubatrptegdldal apdr FAT IrRgnGdidaler tedsc R ¥fart
opposite e“dﬁ[ﬂ@, the fé‘éB{‘s{M m %?Stfilfé,u_r%nél £Ng;a5e Nl LOMEIAG Yy the
ink barrier ayer 12. By way oF iTlustrative exanple, the barrier |ayer
mat eri al conpayses ldddacr yRatévbastay iglast opatynes dixive | FRTs @lir @5 Ghe

e pony SrPSOLARILHTES Rk oGt MNP £ ke tuoahin o

filnms includeonther ofluFoatsplbdertsubticrets the "Ridtdre BHFhrmRth 294 I m

and dry filgp.de by eLbhet ¢hedi cahiPROVYhESSesThe Rl iGadd alfer,
polysilicon gates, and a dielectric layer adjacent the
resistor layer 1lllc. Thin film heater resistors 56 are
formed by the respective patterning of the resistor layer
111lc and the first metallization layer 111d. The thin film
substructure further includes a composite passivation layer
llle comprising for example a silicon nitride layer and a
silicon carbide layer, and a tantalum mechanical
passivation layer 111f that overlies at least the heater
resistors 56. A gold conductive layer 111g overlies the
tantalum layer 111f.
[0023] The ink barrier layer 12 is formed of a dry film
that is heat and pressure laminated to the thin film
substructure 11 and photodefined to form therein ink
chambers 19 disposed over heater resistors 56 and ink
channels 29. Gold bonding pads 74 engagable for external
electrical connections are formed in the gold layer at
longitudinally spaced apart, opposite ends of the thin film
substructure 11 and are not covered by the ink barrier
layer 12. By way of illustrative example, the barrier
layer material comprises an acrylate based photopolymer dry
film such as the "Parad" brand photopolymer dry film

obtainable from E.I. duPont de Nemours and Company of



13 conprises, for exanple, a planar substrate conprised of a pQIBE
material and in which the orifices are forned by |aser ablation, for
exanpl e as disclosed in cormonly assigned U S. Patent 5,469,199,

i ncorporated herein by reference. The orifice plate can also conprise a
plated netal such as nickel. [0024] As depicted in FIG 329thes iznks
chanbers 19 in the ink barrier layer 12 are nore particularly disposed
over respective ink firing heater resistors 56, and each ink chanber 19

is defined by, interconnected edges or,walls of a anber_opening. forned in
the barrier %&%&H%EQHThéeﬁﬁWar hannéﬁ?léﬁrar%r%eﬁﬁﬁgﬁ by g? e?ngﬁggfngs
forkrrfd In thﬁliéts)m rﬁl&sdd@vﬁersxﬂ% aéhsndhélreRiiBtegr'abkang'iOdinﬁdfihnraar@@tny ve

in iring chanbers 19. The ink channels 29 open to ds a f.eed edge of an
adj acent i nkE¥EBY B3%e A AMRPY LBV hIPT ISR h 11k Fedd S égtel.aq'{eOOZS]
The orifice P%(aécﬁn%%iéé\ﬂlguﬂ@ﬁ &F]Arﬁ;%]p@,s Orp N7z esubsklr aties posmet icest of
respective i nk chanbers , . suc at eac i.nk firing heater.resjistor 56,
an associ at et PokYRFanBereridt g Hh ‘gréjscgh%eedjrolréjf‘%cse g afroermaeiqsgbr?’ed and

forman ink gsop ganeseieon, 4CkoFackagiplicheabeaiiesclesédt ois hasweonInon nal

resi stance of at |east 100 ohns, for ex about 120 or, 130 ohns, and
can conpri se2aSseyfRnted r eSPEEHF a§'4§§g§#§1nlﬁF@FPQFaﬁﬁgre A& Redter

resistor 56 jsrepppitsedThal JMxilRSiStdle regh 088s66@omph seonngsiabdy a
metal | ization region 59. This resistor structure provides for a resistance
that is greafetathawch afngiekeésistor region of the sane area. [0026]

Wii | e the di pghoggd pri\@(ﬁ@?gétécﬁeirgeﬁﬁ.i bedcas :1hAVERSmBebar1dern layer and
a separate orifice plate, 1 shoul d be appreciated that the printheads can
be 10006486 ROkNbarzdes Zavesl eemeel Wih BATCACERALYLALGPOSEST it

structure thfiéspective ink firing heater resistors 56, and each ink
chamber 19 is defined by interconnected edges or walls of
a chamber opening formed in the barrier layer 12. The ink
channels 29 are defined by further openings formed in the
barrier layer 12, and are integrally joined to respective
ink firing chambers 19. The ink channels 29 open towards
a feed edge of an adjacent ink feed slot 71 and receive ink
from such ink feed slot.
[0025] The orifice plate 13 includes orifices or nozzles
21 disposed over respective ink chambers 19, such that each
ink firing heater resistor 56, an associated ink chamber
19, and an associated orifice 21 are aligned and form an
ink drop generator 40. Each of the heater resistors has a
nominal resistance of at least 100 ohms, for example about
120 or 130 ohms, and can comprise a segmented resistor as
shown in FIG. 9, wherein a heater resistor 56 is comprised
of two —resistor regions 56a, 56b connected by a
metallization region 59. This resistor structure provides
for a resistance that is greater than a single resistor
region of the same area.
[0026] While the disclosed printheads are described as
having a barrier layer and a separate orifice plate, it

should be appreciated that the printheads can be



can be nmade, for exanple, using a single photopolyner |ayer {Rabesse
exposed with a multiple exposure process and then developed. [0027] The
ink drop generators 40 are arranged in columar arrays or groups 61 that
extend along a reference axis L and are spaced apart from each ot her

| aterally or transversely relative to the reference axis k9 Nde 2doeat er
resistors 56 of each ink drop generator group are generally aligned with
the reference axis L and have a predeternmined center to center spacing or

nozzl e pitch, | on referen X 1/ 600
inch or gr e]a{‘f%f %Itgj%%é]é{’sltﬂ 360* 1 %SH% E %? ?Frrﬁgfg%eer ggglgjlb f%%lbgecdr op
Igenerat1 8{) S ldi;é?rla uste snafdey, @sarm@kemﬂame onsmgeaumgﬂr@@hog@pexmms 1(ayee: at
east in rop generators [ 002 wa |IIustrat|ve the

thin film skt rh%t%?‘%oiﬁdc‘é{%wtﬁe r@B#Eﬁé&Faé’{p\?ﬁ&r& RE8ppssi £ te ee?'

52 thereof aje,dpsgidudi nal edges of a length dimension LS whil e

| ongi t udi nal | %ﬁaced apart, opposite egges 53, 54 are of a wd

| ateral dime 1 Ws thae il eSEoPhafenEREtPERgt A0 L ST} ta}ferafrfﬁ% f|J1r’m

subst ruct ur & dilynJhe afP ét i?@uﬁgt@TﬂtHHttéktéﬂﬁfhﬁdﬂdnéﬂﬂﬁﬁdﬂﬂﬂdHEi11
is along the edges 5 can be parallel to the refereg axis L

In use, the é‘@‘--‘érbnéédaﬁl@ LSR?é—‘r?doeap%tW ghEel WP RR WAEPSF s 1§&F&fai Yy O

referred to @éarw@eﬂ@@'i% r@ﬂé{@D@@ 8Xi the RO £ SUNENI BNGe, L I herHeongidtudi nal |y
separated ends of the thin | m substructure will also be referred to by

t he ref er enceepugbers 530 Q‘:félels?é?é?dlﬂ'léf EEPBr 9gBe T2 her cEeidP AL S AR
[0029] While IP&né&‘kwﬁHptﬁ@nPéPéPéﬁcéoaﬁs eaCth & A amar pﬂde%éx@rillr@dl nk

drop generators are Illustrated as being substantially collinear,
shoul d be appeetent & t RENTSEMESPIFLRGe OInkNEE BHS gdticdidt oFs 26°B% aH‘earray

of ink drop 1OPOE48E 295 NoV1, 200818 nozzle pitch P can be 1/600 inch or

greater, such as 1/300 inch. Each columnar array 61 of ink
drop generators includes for example 100 or more ink drop
generators (i.e., at least 100 ink drop generators).
[0028] By way of illustrative example, the thin film
substructure 11 can be rectangular, wherein opposite edges
51, 52 thereof are longitudinal edges of a length dimension
LS while longitudinally spaced apart, opposite edges 53, 54
are of a width or lateral dimension WS that is less than
the length LS of the thin film substructure 11. The
longitudinal extent of the thin film substructure 11 is
along the edges 51, 52 which can be parallel to the
reference axis L. In use, the reference axis L can be
aligned with what is generally referred to as the media
advance axis. For convenience, the longitudinally
separated ends of the thin film substructure will also be
referred to by the reference number 53, 54 used to refer to
the edges at such ends.

[0029] While the ink drop generators 40 of each columnar
array 61 of ink drop generators are illustrated as being
substantially collinear, it should be appreciated that some

of the ink drop generators 40 of an array of ink drop



generators can be slightly off the center line of the colum, el e
to conpensate for firing delays. [0030] Insofar as each of the ink drop
generators 40 includes a heater resistor 56, the heater resistors are
accordingly arranged in columar groups or arrays that correspond to the
columar arrays of ink drop generators. For conveni ence, thexdeates
resistor arrays or groups wll be referred to by the sane reference nunber
61. [0031] The thin filmsubstructure 11 of the printhead 100 of FIG 1 -

4 nmore particularly includes twy.i.nk .feed I 7 I | Lgn ith
the refer enc%e%%%%/‘ifsar?ﬁn are ssplalgg.‘&l;pa?%?f (r%tg% e%%%@%% hgrl%te?a!r)\gvgc?lség y
relative to céhenspeffsenceampis to ddrepemkafeefios| Disivd debpeetively feed

four colums_6 i nk_dro enerat ors respectively. located_on opposite
si des of the[Qd%gI nk f%%ﬁog?gt§s7ﬁac%%feilgﬁet He n‘?{r%%aﬁﬁgfagagﬁé:% t@war ds
an edge fornepd-byqad aassupiat edebipkibeedesl athd médeet hirdshiskBrs are

substructure. In this manner, e)r(%igposite edges of each ink feed slaot forms a
feed edge amCeRERIBILY h@nraddatk iReF WL ofbPPREs F BLERYEddd dhk

feedi ng sl ot .o BYe ¥o¥nQf tsPLAES k61 uhABkeaRRHGE OF, ithike dqHdptderast sl Of
FIGS. 1 - 4 1is a nonochrone €r|nthead wherein both ink feed slots 7
provi des i nkF®F EPRVRRRRNED! oF NS LRPRBRT HIERISTRUA IHE A 1I9TFRF Eotums

61 of ink drgp gepsratarsoPkPdUEs kake dropsréficethemsanestol or. [0032] The
columm pitch or spaci ngh@ bet ween columms on either side of an .ink feed

slot is |ess[@®3hl or efal thén @3¢ et s pm L (PLe theaPmgyth pm ,
and the col upp, Brt ghsor spagi r@ga%l‘l%%ﬂ@ﬁ iq@llﬁrg@(%i that afe fdheard

t.
of the ink feed slots is |less than or eql to"800 pm .e., at nost_ 800
pm) . [0033] FhetnoZil ahgitt cire tdhelgnedgeitlor thef sefespnEthe a%d6z 4l es2¥F om

gpg col um tgrgnﬁggkg§egggggl%qgm 00 Jihe r el SIEnRGe AN S dratand tde ink
p volune are re 10 6

the reference axis L. The ink feed slots 71 respectively
feed four columns 61 of ink drop generators respectively
located on opposite sides of the two ink feed slots 71,
wherein the ink channels open towards an edge formed by an
associated ink feed slot in the thin film substructure. In
this manner, opposite edges of each ink feed slot forms a
feed edge and each of the two ink feed slots comprises a
dual edge ink feeding slot. By way of specific
implementation, the printhead 100 of FIGS. 1 - 4 1is a
monochrome printhead wherein both ink feed slots 71
provides ink of the same color such as black, such that all
four columns 61 of ink drop generators produce ink drops of
the same color.

[0032] The column pitch or spacing CP between columns on
either side of an ink feed slot is less than or equal to
630 micrometers (um) (i.e., at most 630 pm), and the column
pitch or spacing CP’ between the columns that are inboard
of the ink feed slots is less than or equal to 800 upm
(i.e., at most 800 pum).

[0033] The nozzle pitch, the stagger or offset of the
nozzles from one column to an adjacent column, along the

reference axis L, and the ink drop volume are more



29 Nov 2005 9 particularly configured to enable a single pass, %%%tgorre
dot spacing along the reference axis L that is 1/4th of the rjfo)@le pitch P
which is in the range of 1/300 inch to 1/600 inch. The drop volume can be
in the range of 3 to 7 picoliters for dye based inks (as a specific
exanple about 5 picoliters), and in the range of 12 to 192piwxs!} izoess of

pi gnent based inks (as a specific exanple about 16 picoliters). For a
nozzl e pitch of 1/300 inch the stagger® or offset al ong the reference axi s
L between adjacent columms of nozzles in gi ven transverse direction can
be 1/1200 |pwhtl¢lml@rhﬁr0%ﬁr¥j£ur€t41éos§éléﬁéecél%‘i‘tgf‘fcﬁﬁstsnemq HYE%f f set

by 1/1200 'nﬁ% a%;g%?lnrg%t &ﬁ]%ed'ﬂe%tﬂe%ed@&%guJaﬁafeterEM@ ad %He

relative to _ colum fromthe left | offset
by 1/1200 i nuhzzhé onigt theP s8liadt d¢ diry sbei sanaronf hd0) ekfleric

I
relative to th seco%%cgrgg \;cfﬂﬂ?té hﬁehefbte The cheuridng €g;olotfm@fr;gmi he

left is offset y 1 01n ong t sel ected dlrectlon al ong the
reference aXIDscdzlL‘edsam §ertdye tihesedi tnke ol amn? fIRARITHE |fATP OO Thus,

a nozzle pitgh B Pe8 ﬁ%é ?f' ngh utﬂe E?Eaﬂéled%ff 9% & Single Rass L spaci ng

of 1/1200 i neh® espon to a si ass print resolution of 1200
dpi. A nozzbpegpenth lPasedl/BOBS| nthsS woul dsmﬁ@x/fﬁdté ferampP g n@RPUHhaske dot

spaci ng_of %gggitﬂ%gb CORLESRONgS, tgo i SLAGE 1 PASS Mdrﬂttr{@%ﬂé&%@ﬁ of

1/ 2400 dpi . re par |cuI ar an inplenentation havin our
col umar arrays &If sstchahanigng: ke Ir@éﬂrell@@ (2xgs, L 1bafveaRr d%‘&?cent

generators hav nx%{x gzﬁ{pgtzﬁetsc?H:Dnoltglljv/e%oc%ran%%’rsl%y e afi dd st rnad i ve

exanpl e, the“fe |'m substructure 11 can be about 11.65
mllineters, 1/aﬂd0t hechi.dt i\ iet heotds n theénmssabstr gotlyme daiPbetdout

3.2 mllimeiers or Less,sygh 251300 1A 098ng" AR P IR o S

to about 3.2
along the reference axis L relative to the leftmost column.

The third column from the left is offset by 1/1200 inch
along the selected direction along the reference axis
relative to the second column from the left. The fourth
column from the left is offset by 1/1200 inch along the
selected direction along the reference axis L relative to
the third column from the left.

[0034] Thus, a nozzle pitch P of 1/300 inch would
provide for a single pass dot spacing of 1/1200 inch which
corresponds to a single pass print resolution of 1200 dpi.
A nozzle pitch P of 1/600 inch would provide for a single
pass dot spacing of 1/2400 which corresponds to a single
pass print resolution of 1/2400 dpi.

[0035] More particularly for an implementation having
four columnar arrays 61 each having at least 100 (e.g.,
104) ink drop generators having a nozzle pitch P of 1/300
inch, by way of illustrative example, the length LS of the
thin film substructure 11 can be about 11.65 millimeters,
and the width WS of the thin film substructure can be about
3.29 millimeters or less, such as in the range of about

2.95 millimeters to about 3.29 millimeters. Generally, the



10006486 29 Nov 2005 10 length/w dth aspect ratio (i.e., LS Wphp@fqlelae thin
film substructure can be greater than 3.5. [0036] In specific

i npl enentations having 100 to 104 ink drop generators per columm, the
printhead has a nozzle packing density in the range of 10.43 nozzles/nm 2
to 12.10 nozzles/mm 2. Mre generally, the printhead has asnozzl2®052.

packi ng density of at |east 10.43 nonges/mn [0037] The ink drop generators
are each capabl e of being driven at maxi nrum frequency in the range of

about 15 kHz to about 18 kHz py drive circuitr or_ ex | e, . :
respect i vel y-&itf e"fﬂéghdaﬁggﬁgi ER&dOni (th et'Heths)c/{IWuéz a?g g‘f’?aggl& £3¢0 nk
drop gener atfnss it er€otamses Jfdatst vieharci3cuit arrays 81 forned in the

thin fil msubstructure 11 of, the printhead 100, as sche ically, depj cted
in FIG 6 fE03f)epret2rRRIVET W%rartal?nélﬁé‘f"lpﬁk{r@@o%o 1g@/ellnelra ors.

Each FET driye, i peibt-a86kay Sr i BelUfRS ahdl prahthyaal HET 6 inee e cuits
85 having drain el'ectrodes respectively connected to respective Ee_%toer
drive

resistors 5@FKinGaAeRsFESi 52 oFhe eBRISTRE WsHri R B ST AN edch

circuit array,8h aoguhhe agsosi aeedranngy ahd Nk HgicagengsatonviAe
col umar ground bus 181 to which the source _electrodes of all of the FET

drive ci rcuiRaClgN@fdemel t¥sebciat B FETL Yri 377t 41™Rrray 81 are
el ectricall yrogopect e'ghe Each £oldedle ratldys 8tcObabETcalbdvee Gdf Wiy and
u

t he associ ated ground s 181 extend longitudinally along the associated
col ummar ar réyiedn ot i mknax bpum gbrequeney, infharenge |[Fasabawndit ddimhal |y

co-extensive__w {,h the assogiat eﬂécoéfjirg@r @irﬁiatg:ly?'AfEactycg_x oWyt riise 181

is electri catf?y connected to at ast one bon at one end of the
print head strespeceiwatyt aditaderdst ande doswciptrd 74#14h t Blee otIRUEHRE of

the printheagr§§§gcéfrgfafnk drop generators 40 are columnar FET drive
circuit arrays 81 formed in the thin film substructure 11
of the printhead 100, as schematically depicted in FIG. 6
for a representative columnar array 61 of ink drop
generators. Each FET drive circuit array 81 includes a
plurality of FET drive circuits 85 having drain electrodes
respectively connected to respective heater resistors 56 by
heater resistor leads 57a. Associated with each FET drive
circuit array 81 and the associated array of ink drop
generators is a columnar ground bus 181 to which the source
electrodes of all of the FET drive circuits 85 of the
associated FET drive circuit array 81 are electrically
connected. Each columnar array 81 of FET drive circuits
and the associated ground bus 181 extend longitudinally
along the associated columnar array 61 of ink drop
generators, and are at least longitudinally co-extensive
with the associated columnar array 61. Each ground bus 181
is electrically connected to at least one bond pad 74 at
one end of the printhead structure and to at least one bond
pad 74 at the other end of the printhead structure as
schematically depicted in FIGS. 1 and 2.
[0038] The ground busses 181 and heater resistor leads
57a are formed in the metallization layer 1llc (FIG. 5) of



schematically depicted in FIGS. 1 and 2. [0038] The ground b“ﬁ%%%6%%% and
heater resistor leads 57a are fornmed in the netallization |ayer lc (FIG
5) of 10006486 29 Nov 2005 11 the thin film substructure 11, as are t he
heater resistor |eads 57b, and the drain and source el ectrodes of the FET
drive circuits 85 described further herein. [0039] The FET2drnake 2oioscui ts
85 of each columar array of FET dri circuits are controlled by an
associated columar array 31 of decozir logic circuits 35 that decode
addr ess |nfornat|on on an adj acent addr $S bus_33 %FS conn%gte
r ent

appr opri at e Behdt st 740 (#¥ tB)ICtu’?‘ﬁe adﬂ?e§§e Hﬁ?ltgﬁ 5 es t he

i nk drop genesaiors7h haénda‘éﬁet@r@@neaﬁﬂgbbadcw thetnkotiesi og eher gyE,T as
di scussed further herei n, and is utiliz % e decoder logic circuits
35 to turn Wit FETCWHTTESR ReFiihid SEH-or sel ected ink drop

generator. [pdd; As sehendtt Cat Ve depi &l eds igb HiGeabh @A un@iat ralrayof
each heater reS|stor 56 is connected via a primtive select trace to, a

bond pad 74 @hatETec@riBs &HAGHES r PR FRHAIIRA sBVect sidPacPSeq n

this manner, éi\ﬂﬁx? 2t N r Of BT drdd e Of1 QA 8RNIt I ST Hieit feddile
connect ed to drain term nal of an associated FET drive CI rcuit 85

ink firing e&'ﬁé‘ﬁzﬁsPSlmEOF)Tﬁ@)W@I’édOFoaﬁhédhéﬁ?é'ﬁ REEreesr PuE 3%

associ ated FEJ, Ubbphkso s 0&5};&0 ed bys ther@ssegi.at edrrecoder
logic circuit % é&?/g% ﬁOCA%Egcﬁgnaﬁl cally d eHact ed in (Ir:lqu 8 ?or a

repr esent at | addces simafo mRa yors I dsintiifid afr hegnkr X e sIen IR Ik
generators of 2 £gl %@@ne@:rd'l%cﬁjwfgh | df?Pane@ﬁé§?9r S aGary ey gani zed

into four pri Mtive groups 1b, 61c con uously adjacent ink
drop gener atﬁmsthGEndﬁqlfﬁalmeata@ld re§| stk ksl T ofoVa Eﬁﬁtl%ﬁiﬁ%ﬁie’brl %i%e

group are electrical lyscapnegted tont hensameongrefef O rcuit of an

addressed or selected ink drop generator.

[0040] As schematically depicted in FIG. 7, one terminal
of each heater resistor 56 is connected via a primitive
select trace to a bond pad 74 that receives an ink firing
primitive select signal PS. In this manner, since the
other terminal of each heater resistor 56 is connected to
the drain terminal of an associated FET drive circuit 85,
ink firing energy PS is provided to the heater resistor 56
if the associated FET drive circuit is ON as controlled by
the associated decoder logic circuit 35.

[0041] As schematically depicted in FIG. 8 for a
representative columnar array 61 of ink drop generators,
the ink drop generators of a columnar array 61 of ink drop
generators can be organized into four primitive groups 6la,
61b, 61lc, 61d of contiguously adjacent ink drop generators,
and the heater resistors 56 of a particular primitive group
are electrically connected to the same one of four
primitive select traces 86a, 86b, 86c, 86d, such that the
ink drop generators of a particular primitive group are
switchably coupled in parallel to the same ink firing
primitive select signal PS. For the specific example

wherein the number N of ink drop generators in a columnar



primtive select traces 86a, 86b, 86c, 86d, such that the inkodpeRge
generators of a particular primtive group are switchably coupled in
parallel to the sane ink firing primtive select signal PS. For the
specific exanple wherein the nunber N of ink drop generators in a col ummar
10006486 29 Nov 2005 12 array is an integral multiple of 429eash Jooism tive
group includes N4 ink drop generato 5 For reference, the primtive
groups 6la, 61b, 6lc, 61d are arrangeg in sequence fromthe | ateral edge

53tovvardthe|atera| [0 r ryicul ar orth
a schematic 24}’ ptan® 9| g\ﬂlt&gr&ll m l§e|°£t‘{r?r§%€§ g%%{dhg%'ﬁ% 360 pIBGd
folr an aSSOClr&iﬁdjétgfﬂ wmarlﬂkrayrc@l géndrapogeneraforrs zeteremcess édieat ed
columar arra ;L of FET drive gircui FI ) i £d ;for
exanpl e by ti 1Y ¢ HE GBS ‘al I6|t1§a ra%}g I%Se(gyé E% that is
above and diehestcé catbdy srpalatedalr em;éhéBasswalrdt tHealpaprdl ¢dgeFET
drive ci rcwt and ground bus 181. The primtive select traces 86a, 86b,

86c, 86d are Arespectl vely electrically connected to the four primtive
groups 6la, fddy2plc, Bid. Bymoesi photiteadsl§7betEl Gor8h faorsmé@niatitdqe

metal lization layer |]lc and interconnecting vias 5 F at t end
bet ween t he ¥R BRIV iy &bt ptrllﬁ‘éééLV&nﬁetc[ﬁStrEE?E?Br%%aa@b [C?Cf)ezfg] The
first prinmtiye seleetod!Ac€d 86 @Kt @Ndsr rd orai tamdidrag y;e'ﬂamdﬂse drid st
primtive group 6la and overlies a portion of heater resistor SB%

(FIG 9) ther apeoFéspedt F@éw\néénﬁercrtaéfd &1 MeabBf AELVE: 8r1§%16

first pr'n1t(yfcgr@Fpa§1§mp§@ﬂeh§e@0@B@CEQQmEYeVb§St5&ce@Hﬂa ﬂHetngwCh
heater resistor |eads 57b. The second primtive se]ect trace%l86b i ncl udes

a section tHagtakiemdsion| okgyehe Send FgS mi 07 vetBRbupt B1RRME oY i es a

portion dielectrically separated from the associated array 81 of
FET drive circuit and ground bus 181. The primitive select
traces 86a, 86b, 86c, 86d are respectively electrically
connected to the four primitive groups 6la, 6lb, 6lc, 61d
by resistor leads 57b (FIG. 8) formed in the metallization
layer 1llc and interconnecting vias 58 (FIG. 8) that extend
between the primitive select traces and the resistor leads
57b.
[0043] The first primitive select trace 86a extends
longitudinally along the first primitive group 6la and
overlies a portion of heater resistor leads 57b (FIG. 9)
that are respectively connected to heater resistors 56 of
the first primitive group 6la, and is connected by vias 58
(FIG. 9) to such heater resistor leads 57b. The second
primitive select trace 86b includes a section that extends
along the second primitive group 6lb and overlies a portion
of heater resistor leads 57b (FIG. 9) that are respectively
connected to heater resistors 56 of the second primitive
group 61b, and is connected by vias 58 to such heater
resistor leads 57b. The second trace 86b includes a
further section that extends along the first primitive
select trace 86a on the side of the first primitive select

trace 86a that is opposite the heater resistors 56 of the



of heater resistor leads 57b (FIG 9) that are respectively ¢gppegggd to
heater resistors 56 of the second primtive group 61b, and is connected by
vias 58 to such heater resistor |eads 57b. The second trace 86b includes a
further section that extends along the first primtive select trace 86a on
the side of the first primtive select trace 86a that is oppostt2@otshe
heater resistors 56 of the 10006486 29 Nov 2005 13 first primtive group
6la. The second primtive sel ect trate 86b is general ly L-shaped wherein

t he second section is narrower than the fjrst sectjon so.as fo s the
first prim tiivetsepettlitivueeIg64P i stfhﬁr rOEH h%rn”? 1%”‘\%vi grxggzcti on

of the second qud Mdd 4& 3G 1MACE B6Red [B@44]linThael sesbnandesecond
primtive select traces 86a, 86b are generaLIy at | east cqggtensié%e

| ongi t udi nalily mirhowehe thignstthmdf 38BN ISR P odis B35 B165, Cand
are respectd,vely ARRQRN ALk gtorREaebedch Oul BSIPEld inex leavet thaas the

di sposed at fhe-ﬁ teral edge 53 which is closest to tq$ first d second
primtive selistar tyereoBe B, SCTUUHT HHE FSuUrtH Tt nitdVe Select trace

86d extends dgpgy tUdifﬁ%'ﬁ&éﬂﬂDB&dtBéo&ﬁd&@hiﬁﬁifﬁéis@ﬂQﬁunnrdﬁhi Arch ,
overlies a portion of heater resistor leads 57b, (FIL.G 9) hat_ .are i h
connect ed t Bfipatee cesesedly 86 bPas eIV LR ilANG AR % ¥d, -"and is

connected by, ,vi as. t uc ﬂﬁ@t i hest stogrbaads @M. dhe, thhedare
primtive selg%t%l?ggc%n 65ﬂ?%c udgéla sectigﬁ tﬁat extends along the third
primtive grosspédcianlly owppriops iatednt | cPNRECtRGL 60 FeIPLEbVE e RS 7h
(FIG 9) that_ar onnect ed. t t [ S5 56,10 ot hes thidgbrigg ti ve
group 61c, an §7£c %ﬁ%ﬁﬁé§1%%yqéga§%§§&gg 232% %eatercresistor | eads 57b.
The third primétfivessebedtsécane Bbtmintvedeslect ukrdees et idfPt hat

g)(;t :gsst ?;gg?%é@gl fsour,hflle prfiorgrttihvepgfrtlueg{ve t 'ég(igc§6dcraTél§ BBLr drdid i ve
longitudinally along the fourth primitive group 61ld and
overlies a portion of heater resistor leads 57b (FIG. 9)
that are connected to heater resistors 56 of the fourth
primitive group 61d, and is connected by vias 58 to such
heater resistor leads 57b. The third primitive select
trace 86c includes a section that extends along the third
primitive group 6lc and overlies a portion of heater
resistor leads 57b (FIG. 9) that are connected to heater
resistors 56 of the third primitive group 6lc, and is
connected by vias 58 to such heater resistor leads 57b.
The third primitive select trace 86c includes a further
section that extends along the fourth primitive select
trace 86d. The third primitive select trace 86c 1is
generally L-shaped wherein the second section is narrower
than the first section so as to bypass the fourth primitive
select trace 86d which is narrower than the wider section
of the third primitive select trace 86c.

[0046] The third and fourth primitive select traces 86c,
86d are generally at least coextensive longitudinally with
the third and fourth primitive groups 61lc, 61d, and are

respectively appropriately connected to respective bond



general |y L-shaped wherein the second section is narrower thagobBgskirst
section so as to bypass the fourth primtive select trace 86d which is
narrower than the wi der section of the third primtive select trace 86¢c.
[0046] The third and fourth primtive select traces 86c, 86d are generally
at |l east coextensive longitudinally with the third and fomptiopriomsti ve
groups 61c, 61d, and are respectively, appropriately connected to
respecti ve bond 10006486 29 Nov 2005 %ﬂ pads 74 disposed at the | ateral

edge 54 that cl osest to  the third andfo h i i I t races
86c, 86d. Hﬁjfﬁi]%%yf %efdshcectl 9 AR & # eBlert:ﬂr%ttt :i\%e%gg%gcstt t?)r aces
tSﬁa FE‘?‘bd 86¢the 886 fdramd cﬂd;mmtﬂarpmmatyuﬁd sﬁlecnk tlchrqrcps dearer ftots overlie

e rive circuits_ and the round bus as OCI | wmar
array of inklQH gerR¥ td¥ £ G TS T e p\r/gelér{lgn%h%%l

| ongi t udi nal|l y, coexgensi ¥epW Blact e s s at esb p@tnwamasrrayr a4y 6f. ik this
manner, four primtive sel ect traces for the four primtives of a oI ummar

array 61 of dIFkD dEEPSIgENEFatIFEr Bi@ ehltcalldny EREVES rcé‘fct”dv‘v'af‘r d*Pfe ¥ids of

the printhe ip?wsgugt Sssdbi e par i el 8nkycoauhhkst apably off ipk rddpre
sel ect trace or afirst pair of primtive roups 6la, .61b % osed in

one-hal f of I¢reTzhQEH of aBfe 2pPi nEABRALERHst FAt e2ar & Fdfl ai

region that P&‘ﬂ&f‘@émﬁ&?ﬂg Sk tedrfsSitvepai L t O tve rraéwelgteups:owmdaec a
second pair of primtive select traces for

a, secon
groups 6lc, ®utk¥ighosdd ithishBapiger RarE B¥l¥‘hElV‘Fe£%L?lc%ftIEéﬁrl mﬁton’:[ head

substrate arg, oRty ngﬁ%rﬁ‘l@l\?@é}' gRr A had1@xdiendsrahongisush &ﬁ(&ortcl:qqal r of
primtive groups. For ease of reference, the prinmitive se ttckﬁ"e

traces 86 an@emhea‘a@%ceatéddgrad@m Bl 3Rl 63 TdafNs cBGfn&
heater resi Sé?{ ?% éngug@%%bc@t ed \FE dsd Mei cEl4€1y | Sa8Biketbend asls 74

are collecti erred to as

prlmltlve select traces for a first pair of primitive
groups 6la, 61b disposed in one-half of the length of the
printhead substrate are contained in a region that extends
along such first pair of primitive groups, while a second
pair of primitive select traces for a second pair of
primitive groups 6lc, 61d disposed in the other half of the
length of the printhead substrate are contained in a region
that extends along such second pair of primitive groups.
[0048] For ease of reference, the primitive select
traces 86 and the associated ground bus that electrically
connect the heater resistors 56 and associated FET drive
circuits 85 to bond pads 74 are collectively referred to as
power traces. Also for ease of reference, the primitive
select traces 86 can be referred to as to the high side or
non-grounded power traces.

[0049] Generally, the parasitic resistance (or on-
resistance) of each of the FET drive circuits 85 1is
configured to compensate for the variation in the parasitic
resistance presented to the different FET drive circuits 85
by the parasitic path formed by the power traces, so as to
reduce the variation in the energy provided to the heater

resistors. In particular, the power traces form a



power traces. Also for ease of reference, the primtive seleabobwagss 86
can be referred to as to the high side or non-grounded power traces.

[ 0049] Cenerally, the parasitic resistance (or on- resistance) of each of
the FET drive circuits 85 is <configured to conpensate for the variation in
the parasitic resistance presented to the different FET depwveocizoosits 85
by the parasitic path forned by the p wer traces, so as to reduce the
variation in the energy provided to tﬁe heater resistors. In particular,

t he power traces form a 100064 9. Nav. 20 parasidd; thatn
presents a RS A r%%%lrét%}\%tg%%e%%%s I%E%%crijarsscl%c?sﬂteth%t% b\%gidiﬂéeéc rzh'\?vitt h
| ocati on on FEE qatdyitendHhate vapdrasiwiith teshstancenofheddtlivf arske theEr

drive circuits 85 . is sele o th he cc i i : rasidg ¢
resi st ance o‘?a%%%htt%ﬁ%?ilg/%ggfécalkt g%gka% ? 5 gg:rag}tl?fg ta}gsoi%gtt%ﬁcis of
t he power tracesdsquasesbedthatt hehdETomiiingd ioinr caft thg i @amafiric

slightly fromone ink drop n tqr.to angther. jknsaofar..as it er
resistors 5653t 2-Ate o‘Pgsﬁﬁggaﬁwagﬁvfahglggﬁg&r géi %ggngg% %ag%p%retglscfti c
resi stance ofegeashafiEd @i ven€i pouetr 8xdced has porbiegiedd te otbengdisat e

for the variatjon of, the parasi,tic resistanc f the as i REVES

traces as presentefitcte Ve eﬁPEiEETS ?et%/te Xi r%w sggg. a#l’r?])gt hi's

ﬂﬁnngr,dto é@@neﬁdﬁ@ﬂttbhahoshbstanﬂhabEyreqsakhen@e@UarEﬂesqatmn&kiﬁto

t he bond pads connpected to . .the.p r traces, substantiall .ener gi es

can be provied $£IFH§%£Q%%W§ﬁfﬁﬁng§F s?@%ig?%%%@%%¢g[d%gb%ﬂg%%gﬁgﬁag

more particut@gl yrs0cEl &6. eQcanBELOdrieacti ofutthe8 FEIS drive airrftiguseds
i.nt er nected drain el ectr

Fingers 87 P Soueever Gaims GgFoRtFrRgRr s B0 TG HEH 1 THe L1 71 Gon

substrate Il4a (Fh& S3sodngtedpl powbit ytodces ecds i gatdgented to the
different FET drive circuits 85. In this manner, to the
extent that substantially equal energies are provided to
the bond pads connected to the power traces, substantially
equal energies can be provided to the different heater
resistors 56.
[0050] Referring more particularly to FIGS. 9 and 10,
each of the FET drive circuits 85 comprises a plurality of
electrically interconnected drain electrode fingers 87
disposed over drain region fingers 89 formed in the silicon
substrate 11lla (FIG. 5), and a plurality of electrically
interconnected source electrode fingers 97 interdigitated
or interleaved with the drain electrodes 87 and disposed
over source region fingers 99 formed in the silicon
substrate 1lla. Polysilicon gate fingers 91 that are
interconnected at respective ends are disposed on a thin
gate oxide layer 93 formed on the silicon substrate 1llla.
A phosphosilicate glass layer 95 separates the drain
electrodes 87 and the source electrodes 97 from the silicon
substrate 1lla. A plurality of conductive drain contacts
88 electrically connect the drain electrodes 87 to the

drain regions 89, while a plurality of conductive source



i nterconnected source el ectrode fingers 97 interdigitated or ipbobeukeaved
with the drain electrodes 87 and di sposed over source region fingers 99
formed in the silicon substrate Illa. Polysilicon gate fingers 91 that are
i nterconnected at respective ends are disposed on a thin gate oxide |ayer
93 fornmed on the silicon substrate Illa. A phosphosilicateosgi@assooayer 95
separates the drain electrodes 87 ang the source el ectrodes 97 fromthe
silicon substrate Illa. Aplurality o? conductive drain contacts 88

el ectrically connect e drajn. r t ai i ,
while a pl urdltts of %:éc])n%lg% |%‘?‘Jﬂsgg’%cgg‘%ﬁ‘g&%ge258%\%%2{83?%%%'0%%% gglts 08

el ectrical | ycormecionhee soegoenel €2t rodes 97 to the source regi ons 99.

[ 0051] The a cupigd b ch EEL.dpi j i bmdh S f er S |,
and the on-r'{ecg(?ssf];nce @fe e%ﬁ%gFEfcggll\g/g Ybsli %catrjcﬁ? Lf? p?é?ggrggﬁghﬁgwﬁ or
exanpl e | esspidwrasl eqsaallf oaid dhelbnenasiftance af mesh FETodrigreohns),

which requires efficient FET drjve circuits e
on-resi st ance" Foht tah® bRE ¢ Tlé{%%isf gl(ﬁE'T %Br)“f véex{nlgglceui %%Qr gtelllalrgeoe{:s efqéﬁlows:
(ROPTQ; (ZﬁO, *@@Mghrﬂﬂﬁ Teoreier sP). ¢ A waer eiastt hkd apea ¥6 i shing) wi ovtoiradt er s2
u . This can be accanplishe or, exanple with a te oxi |_a 93
having a th?%%%h%%stﬁgggg§ePESgE&héﬁjgfng ?u%%FBOggﬁﬁg% F% le,{ﬁﬁg%, at
nost 800 ANngsitpdB)st@ice Behecdeng hrdhdted sto |IRES diiare 4£ipmuiAl sxeshavi ng
a heater resistor resistance of at |east 100 ohns allows the FET circuits
to be made RndfIE*1tP4R if the heater resistors had a | ower resistance,

since with a greater heater resistor value a greater FET turn-on

resi stance can be tolera ma consideration qf distribution of energy
bet ween parasiti c%onaﬁd(%ﬁg' &légt L N R S ) /3

2 (umz). This can be

wherein the area A is in micrometers
accomplished for example with a gate oxide layer 93 having
a thickness that is less than or equal to 800 Angstroms
(i.e., at most 800 Angstroms), or a gate length that is
less than 4 pm. Also, having a heater resistor resistance
of at least 100 ohms allows the FET circuits to be made
smaller than if the heater resistors had a lower
resistance, since with a greater heater resistor value a
greater FET turn-on resistance can be tolerated from a
consideration of distribution of energy between parasitics
and the heater resistors.

[0052] As a particular example, the drain electrodes 87,
drain regions 89, source electrodes 97, source regions 99,
and the ©polysilicon gate fingers 91 can extend
substantially orthogonally or transversely to the reference
axis L and to the longitudinal extent of the ground busses
181. Also, for each FET circuit 85, the extent of the
drain regions 89 and the source regions 99 transversely to
the reference axis L is the same as extent of the gate
fingers transversely to the reference axis L, as shown in

FIG. 6, which defines the extent of the active regions

transversely to the reference axis L. For ease of



[0052] As a particular exanple, the drain el ectrodes 87, draipopelisens 89,
source el ectrodes 97, source regions 99, and the polysilicon gate fingers
91 can extend substantially orthogonally or transversely to the reference
axis L and to the longitudinal extent of the ground busses 181. Also, for
each FET circuit 85, the extent of the drain regions 89 apnd wde 29008rce
regions 99 transversely to the refer§ ce axis L is the sane as extent of
the gate fingers transversely to the reference axis L, as showmn in FIG

6, which defings the extent e t .\ i On e o] e

ref erence axﬁ%g%fe$%ﬁ’e%§% Sgkfggoéﬁgéhﬁg %%%igog%e%%??§¥e?§§géfgtﬁghextent
of the drai dedect rede dni ngénge8%, 8%r aisvursyi oaleérhyeds gbingers cd7,

el ectrode fingers 97, .sour i fiLpnge - palysi Id; t
fingers 91 ©2 b F%?%?ﬁeégﬁgégg ?Eé Fgggpﬁﬁggﬁé?ethgﬁ¥%o l?%%ﬁgaéﬁénents
i nsofar as swmh ®eeneafsraed [tongaandhear fomgitudinalrigxtenke of such

finger-like nner. [0 Y i td Adhe ;
on-resi st anceg?e% m_ésélc Qgéi%?ﬁea%%u% ré(:ilj%rgtlje:&%ﬁ <Elhés/eeiln 1vi drﬁjal 'y cognflinguar ed
by control |l iswgripellloagot uflimgérekikatmarnéength of a continuously

non- cont act e nt of the aibn region_fin i j usl
non-contacteﬂoéig nt ?% e\ 3i &1$PS§?SC%¥FCE Qﬁéﬁ?agg§£§%ﬂq%§$2§%gnp e, Y

L he co?t It Et@ﬂséaacngafﬁenga@md c&@_@lﬂﬂilﬁts; 86 ifshandfiazii][duﬁﬁjwrtorfﬁlrg;ﬁr' i can
egin a e ends o e drain regions . t hat re furthest fromthe

hegt er resi SR¥r SE LI I FBS; s]?%"rﬁr‘et‘tf?l%?qpafaf‘i%ce,ﬂfcaroﬁ DIEtaNT ?%8§

i ncreases W ¢dntifes€asy Nhdrengidt pitddieseghthnuostS| yhreondcanh actesgli air ai n
region finger segnment, and such length is selected to et.erm ne _the
on-resistanc%l%geéspaWPFEGP§rE?Eﬁ°%'+%%ﬁ%$ly[6@%Zf°$3a8ﬁ8gh§F9@%E I’ the
on-resi st ancge¢hi@acks FEl e Fiail Boraantie @8nfigured hyxsmbeefinghd he

size of the

continuously non-contacted segments of the drain region
fingers can begin at the ends of the drain regions 89 that
are furthest from the heater resistor 56. The on-
resistance of a particular FET circuit 85 increases with
increasing length of the continuously non-contacted drain
region finger segment, and such length is selected to
determine the on-resistance of a particular FET circuit.
[0054] As another example, the on-resistance of each FET
circuit 85 can be configured by selecting the size of the
FET circuit. For example, the extent of an FET circuit
transversely to the reference axis L can be selected to
define the on-resistance.

[0055] For a typical implementation wherein the power
traces for a particular FET circuit 85 are routed by
reasonably direct paths to bond pads 74 on the closest of
the longitudinally separated ends of the printhead
structure, parasitic resistance increases with distance
from the closest end of the printhead, and the on-
resistance of the FET drive circuits 85 1is decreased
(making an FET circuit more efficient) with distance from

such closest end, so as to offset the increase in power

trace parasitic resistance. As a specific example, as to



FET circuit. For exanple, the extent of an FET circuit transvgpselagd o the
reference axis L can be selected to define the on-resistance. [0055] For a
typi cal inplenmentation wherein the power traces for a particular FET
circuit 85 are routed by reasonably direct paths to bond pads 74 on the

cl osest of the longitudinally separated ends of the printheatv Stooact ure,
parasitic resistance increases wth dbﬁtance fromthe closest end of the
pri nt head, and the on- resistance of e FET drive circuits 85 is decreased

(maki ng an FET circuit. nore £ fi t f I§H§h | Qsgs
end, so as tTPRVFHIETUTHE PRy ézé’é%aféﬁe}jo%&‘?r%ga%gr asrs i Fes gt ance As
a specific e%@@gi)é@tlae BT 100064 861 280u Now 2D0Sh a8 st rafousiey ends Of

non-cont act e |n fi nger segnents of, t.he re t e its
85 t hat star%jh FAhR TR YF SRS HE ar e F i on r&?\ngéers 4:‘J‘rfo-|;[t1 dceraﬂree urt est
fromthe heai@sslstess st6y s thé, ltdmytrengihissothsaebnspgrentrs ale thesrehsed

with distance, fro e clo e of, the longit i II S it ds of
the printheadstr H]&F‘gf’lgce %6@5\] e Y ound %I% %gl ?‘s %lloor r?gigﬁﬂoflr}e%ee}gane
thin film n@é;aéi:azaaleﬂdisayemhs phenthead etecttodes 87 and the sour ce
el ectrodes 97 of the FET circuit 5, the activ r S of the
FET circuitsl Q%%il sedERFR tﬁéOEBar %éls ggﬁ drai OJF%%‘?OHE g g}i

pol ysilicon Eﬁiﬁsmééalﬁﬁyﬁr\i&g Y ﬁtt%eddbemeaémeaﬂraaéecsatmbr gmund
bus 181. This allows the (groun us and FET circuit arrays to occu\Pg

narrower regseRsCahetactrodes ndhlqlowd e EETaCiRgHEbReP Y/ adfad tHhR 3%l

costly, th'”a%é%g]éybégEHCBQr%he E@@5Ehr@d$%s'd&ﬁ%%ﬂé@@fﬁﬁﬂﬁﬁﬂlédhﬂ@@reln
the continuous non-cont acted segnents of the drain region fi n%er%estart

at the ends amrdt rﬂéfadrral regegnen §9ngePs ansht ther F R ind<on r GALE at er
resistors 56534488t 85t60A519fextend beneath an associated ground bus 181.

This allows the ground bus and FET circuit arrays to
occupy narrower regions which in turn allows for a
narrower, and thus less costly, thin film substructure.

[0057] Also, in an implementation wherein the
continuously non-contacted segments of the drain region
fingers start at the ends of the drain region fingers that
are furthest from the heater resistors 56, the extent of
each ground bus 181 transversely or laterally to the
reference axis L and toward the associated heater resistors
56 can be increased as the length of the continuously non-
contacted drain finger sections 1s increased, since the
drain electrodes do not need to extend over such
continuously non-contacted drain finger sections. 1In other
words, the width W of a ground bus 181 can be increased by
increasing the amount by which the ground bus overlies the
active regions of the FET drive circuits 85, depending upon
the length of the continuously non-contacted drain region
segments. This is achieved without increasing the width of
the region occupied by a ground bus 181 and its associated
FET drive circuit array 81 since the increase is achieved
by increasing the amount of overlap between the ground bus

and the active regions of the FET drive circuits 85.



each ground bus 181 transversely or laterally to the referenggoasugsL and
toward the associated heater resistors 56 can be increased as the length
of the continuously non- contacted drain finger sections is increased,
since the drain electrodes do not need to extend over such continuously
non-contacted drain finger sections. In other words, the whdtd \Wob a
ground bus 181 can be increased by ipgreasing the anmount by which the
ground bus overlies the active regions of the FET drive circuits 85,

dependi ng up@tedihe dignotdht ofn hes continuousty Aop-eont ast edndr gi-Buhagi on
segnents. This is achi'eved without increasing the wwdth of the region
occupi ed by kalsgr 68Rd DR 1B1 &Rh6 iactbssodication FEMaYeyeeeYr & t theray 81

since the ingease ds achi eyed, Qi/lb'b@%%é‘%h'ﬂg the anbift, ofr oL ! gpnbet ween
the ground bus and the active'regions of the FET drive circuits 85.

10006486 19 29 tNG\E 2008 dBfefrdet iofeltyle atradamy nsaroneul ar FET circuit 85, the
ground bus gyeqver ! ap, Q%ea%!e&?fﬁ?g%%}nﬁé%\é%r&% Béhteocg%inﬁ%g??nce

axis L by substantially the length o e non- contacted segnments of "t he
drai n regi omen-{[QI8Gctest dimwispeefioe exampheswhsergitn athetlvoneidsioas! y
non- cont act drai_n_regqi S t t dy ali egi on
fingers thaﬁgg?éﬁ%ﬁfkﬁg§§2¥}§%$¥%%%h2293ra§%e§9§%§§g§5§ggﬁdgﬁ ebgkge he

| engt hs of swech stents MOusly whrre tontlact behgltlas nof eguoh segtentisudégr ease

with distance -IQ§1 the | osest %nd of th% Rrinthe%d structyre, %he o
Todul a1 on G VAFTHE G b LRE. AR WP & GPoliRG BASC18s P ERCEAG
variation offridre keegtdlefesbe qunt bfuotisty gromticont actedicdraien regeon
Searents ProniSs o 5 guound s, Davinga udih MET Lhel ) Rereagss, (T
FIG 8. SinceH ehanpimtatoforshaf etheurdmegils o Nctieasesnwihtioupl 9xXhbhty to
the bonds pac‘:%snt?aé}:’tesduCclqrasir}lapreegaidovnanstea eeonutssI yprovides for a ground bus
having a width W181 that increases with proximity to the
closest end of the printhead structure, as depicted in FIG.
8. Since the amount of shared currents increases with
proximity to the bonds pads 74, such shape advantageously
provides for decreased ground bus resistance with proximity
to the bond pads 74.
[0059] Ground bus resistance can also be reduced by
laterally extending portions of the ground bus 181 into
longitudinally spaced apart areas between the decoder logic
circuits 35. For example, such portions can extend
laterally beyond the active regions by the width of the
region in which the decoder logic circuits 35 are formed.
[0060] The following circuitry portions associated with
a columnar array of ink drop generators can be contained in
respective regions having the following widths that are
indicated in FIGS. 6 and 8 by the reference designations

that follow the width wvalues.



provi des for decreased ground bus resistance with proximty 1000b8esbond
pads 74. [0059] Ground bus resistance can al so be reduced by laterally
extendi ng portions of the ground bus 181 into longitudinally spaced apart
areas between the decoder logic circuits 35. For exanple, such portions
can extend laterally beyond the active regions by the w dbh wfv tthes regi on
in which the decoder logic circuits 3pare forned. [0060] The foll ow ng
circuitry portions associated with a columar array of ink drop generators
can be contgimed I _respecltive regions having the 1ol ow ng w di hs tjhat

are indicaf 88CLANE EBATECRNdA8 By t he rp¥&P&Hce designations that flol | ow
the width va . 0 29 Nov 200p,REQ N TH

Resi st or Ieagggz‘ﬁ\%guggéggm%gromaters (pn? or %@s‘{g@%g%%}%:l r(%lpts 81At
nost 250 pnl or at nobst 180 pm for exanp| er(VW843 Ddtdde | ogic circuitis
31About 34pmor. Tess(VWBI) Prim1iive seleft_traces ggAbout Z90 _pm or

| ess(WB6) ThEEE GidCHETSr Elneasured ort hpdbndPFy orYI BRer&F1 §ttB°Fhe
| ongi tudi na| extent of the printhead subptsatemphfeh esampléegnedini th the
ref erence axrs—t—1066i+ReferrmgnowtpF Gt ——sSet—forththerern]is a

schemati c pePspedei vegcewigtuatisedanpl el Bpoah Bhkipepr pephti(Hgldevijce 20
in which the_above.describe rintheads n_pe [oyed. . The | et
orinti ng doLEaansaide: eraects Prpnet ane | ARRLECoBORREYEE: 1508 IHER)

housi ng or enclosure 124, typically of a nolded plastic material. The
chassi s

These widths are measured orthogonally or laterally to the
longitudinal extent of the printhead substrate which 1is
aligned with the reference axis L.

[0061] Referring now to FIG. 11, set forth therein is a
schematic perspective view of an example of an ink jet
printing device 20 in which the above described printheads
can be employed. The ink jet printing device 20 of FIG. 11
includes a chassis 122 surrounded by a housing or enclosure
124, typically of a molded plastic material. The chassis
122 is formed for example of sheet metal and includes a
vertical panel 122a. Sheets of print media are
individually fed through a print zone 125 by an adaptive
print media handling system 126 that includes a feed tray
128 for storing print media before printing. The print
media may be any type of suitable printable sheet material
such as paper, card-stock, transparencies, Mylar, and the
like, Dbut for convenience the 1i1llustrated embodiments
described as using paper as the print medium. A series of
conventional motor-driven rollers including a drive roller
129 driven by a stepper motor may be used to move print
media from the feed tray 128 into the print zone 125.
After printing, the drive roller 129 drives the printed
sheet onto a pair of retractable output drying wing members
130 which are shown extended to receive a printed sheet.

The wing members 130 hold the newly printed sheet for a



122 is forned for exanple of sheet netal and includes a vertiocabespasel
122a. Sheets of print nedia are individually fed through a print zone 125
by an adaptive print nedia handling system 126 that includes a feed tray
128 for storing print nedia before printing. The print nedia my be any
type of suitable printable sheet material such as paper, carstoook
transparencies, Mylar, and the |ike,2put for convenience the illustrated
enbodi ments described as using paper as the print nmedium A series of

convent i onals ot gl ¥8BvEOLhErSrd sl P18 rifd @ hie@itlsekt11294dyivgn by a
stepper notor may be used to nove print nedia fromthe feed tray 128 into
the print zdife ARULEE eF LY | ﬂ\?’?n%,efloﬁ@ diipEarldiy ere iRty esO t ke

printed shesiycant o, & PARLYN oL &adAll £ Q1 pus3dr ¥ong M NG e nher sy 130
whi ch are shown extended to réceive a printed sheet. The w ng nmenbers 130
hol d t he newryinmechtdbsthedttd okha 200084862y 292Nov TpDSPEHeE t "EflAR above

any previously oriff edghegts i | i dinidg 4n a0 puspubrtrayid3gnbgtore
pivotally retracting to the sides, as shown by curved arrows™ 133, to drop
the newy peioheed sstreetf oirnt acchemede plngt réiyf AgenThe iFGsnt ofedPiint

handl i ng Sy%l%%?arrawc%'dﬁ 8 3¢kires 19G23d] HskMenhyeMBehani sfB . f okuch
acconmodating di fferent sizZes of print média, including [etter, Tegal,
A-4, envel opesa efledinguthngdl adsisdnent |anmytlBadindgsemernvalare3dfdegadd an
envel ope feed  .sliofs 135. [0062] The printer of FIG 11 further includes a
printer contrgller'136, schematically illustrated as a m croprocessor,

di sposed on [@0®2iInt ed Ttier puiihtlbaard HB9. Supporthed: amctlhelesear psideeof t he

chassis yert%c%] 3n%] ;E% ._Thg riQ er_¢ nt rol.l r %SGt%%Feives A

|nstruct|on§:rkfﬁﬁ\§ host %VICE gﬁgﬂ 5°3 ggrsoﬁ§1 omputer (ot shdwn)

and control snittheopereatdan ofithesedi phera | peindeag cadeantce board 139
supported on the rear side of the chassis vertical panel
122a. The printer controller 136 receives instructions
from a host device such as a personal computer (not shown)
and controls the operation of the printer including advance
of print media through the print zone 125, movement of a
print carriage 140, and application of signals to the ink
drop generators 40.
[0063] A print carriage slider rod 138 having a
longitudinal axis parallel to a carriage scan axis 1is
supported by the chassis 122 to sizeably support a print
carriage 140 for reciprocating translational movement or
scanning along the carriage scan axis. The print carriage
140 supports first and second removable ink jet printhead
cartridges 150, 152 (each of which is sometimes called a
"pen," "print cartridge," or "cartridge"). The print
cartridges 150, 152 include respective printheads 154, 156
that respectively have generally downwardly facing nozzles
for ejecting ink generally downwardly onto a portion of the
print media that is in the print zone 125. The print
cartridges 150, 152 are more particularly clamped in the
print carriage 140 by a latch mechanism that includes

clamping levers, latch members or lids 170, 172.



of print media through the print zone 125, novenent of a prihd0céasés8éage
140, and application of signals to the ink drop generators 40. [0063] A
print carriage slider rod 138 having a |ongitudinal axis parallel to a
carriage scan axis is supported by the chassis 122 to sizeably support a
print carriage 140 for reciprocating translational novenenb v 290anni ng
al ong the carriage scan axis. The prigg carriage 140 supports first and
second renovable ink jet printhead cartridges 150, 152 (each of which is

sonetines cgobgdja "pen "réfidiHcLarprigigensdos iearddvagesd . tlheughi nt
cartridges 150, 152 include respective printheads 154, 156 that
respecti vel Fhgap& i§en&rakl ¢ 2§orARBEdRYNEdERNgXABZYNESD $drPeFettfhgtPnk

general ly dg w%&ge%t Q2 PRLtHeRt9bnt her PRENt, MBEI anthal ithdd the
print zone 125. The print cartridges 150, 152 are nore partlcularlé
cl anped i n beeeaphi andcaravageeddoy byhea raazhe srechahies ArrhAat dpael Laks

cl anping | evers, lat o Jenbers o dids 100, 1725 10008486 22 29,Mv3005
[ 0064] For ?? ére#%%?nbrint neéﬁgj%s advanced t%#%%gh t he p?in? zoﬁe 125
al ong a nedica axie waeineh Phapar alblsel shewnt He t BRgent? .t otheg pertlidonPef the

print nedia i eath r rsed by the nozzles of the cartridges
150, 152. P%Q?%gdﬁégggqéiﬁée%% Fﬁgggérriage axis are located on the sane
pl ane, as sHOW65In Fl Gn Bntiheyotwwud ch beechenpendiccul Are t bacéchp ot hee.

[0065] An anti-rotatiaqn nmechani smon the.Q%gk { thf réntac tria g
engages a h&Fi2EntANY %S o8P Sntd -7 Vot %%f Y g8 ?%g? s ?g%ngﬁ
integrally watrh itghte trert iical fpaned 1ide2ar0f1 ¢ hei chasisé svd22i cébrpexaipl e,
| Prevent haperd BlyoLing.of Lbe print serrliace 10, sboul, (b, phider oo
pivoting of the print carriage 140 about the slider rod
138.
[0066] By way of illustrative example, the print
cartridge 150 is a monochrome printing cartridge while the
print cartridge 152 is a tri-color printing cartridge.
[0067] The print carriage 140 is driven along the slider
rod 138 by an endless belt 158 which can be driven in a
conventional manner, and a linear encoder strip 159 is
utilized to detect position of the print carriage 140 along
the carriage scan axis, for example in accordance with
conventional techniques.
[0068] Although the foregoing has been a description and
illustration of specific embodiments of the invention,
various modifications and changes thereto can be made by
persons skilled in the art without departing from the scope
and spirit of the invention as defined by the following

claims.



cartridge 150 is a nonochrone printing cartridge while the ﬁPPH§4§§rtridge
152 is a tri-color printing cartridge. [0067] The print carriage 140 is
driven along the slider rod 138 by an endl ess belt 158 which can be driven
in a conventional manner, and a |inear encoder strip 159 is wutilized to
detect position of the print carriage 140 along the carriagexscamnoaxis,

for exanple in accordance with convéhtional techniques. [0068] Although

t he foregoing has been a description and illustration of specific

enbodi ments of the invention, vario&-?i fications and changes thereto
can be made by persons skilled in the art w thout departing fromthe scope
and spirit of the invention as defined by the followng clains. 10006486
23 CLAI M5 What ishet aisredlasme®@9idNov 2005 1. An ink jet printhead,
conprising: a printhead substrate (11) including a plurality of thin film
| ayers; four side by side columar arrays (61) of drop generators (40)
formed in said printheadiskibsttr apeimriteadxtermdngdlong a | ongi t udi nal

extent; drive circuits (85), forped i ' i nthead,q54bst rats- 4100
energi zi ng each ink df rE%&Eﬁ%éfﬁuéékégﬂ%rg%ugﬁéy |n]?#£ réﬁge of about 15
kHz to about 18 okHzhima fiistlapkréeed slot (71) ; a second ink feed slot

dendi ty of ot 1cast 10045 FRSdrgp S gndr et OFE per Satar oo | Prmera sai d
first columar ageayr@focfs opi@endsaled Snardid printhead substrate and
extending along a longitudinal extent;

drive circuits (85) formed in said printhead
substrate for energizing each ink drop generator at a
frequency in the range of about 15 kHz to about 18
kHz;

a first ink feed slot (71);

a second ink feed slot (71);

said printhead substrate having an ink drop
generator packing density of at least 10.43 ink drop
generators per square millimeter;

said first columnar array of drop generators and
said second colummar array of drop generators disposed
on either side of said first ink feed slot; and

said third columnar array of drop generators and
said fourth columnar array of drop generators disposed

onn either side of said second ink feed slot.

2. The printhead of claim 1 wherein each of the four
side by side columnar arrays of drop generators comprises
at least 100 drop generators separated by a drop generator

pitch P.

3. The printhead of claim 2 wherein the first and
the second columnar arrays of drop generators are separated

from each other by at most 630 micrometers, and the third



said second columar array of drop generators disposed on e A& “&%e of
said first ink feed slot; and said third columar array of drop generators
and said fourth columar array of drop generators di sposed on either side
of said second ink feed slot. 2. The printhead of claim1l wherein each of
the four side by side columar arrays of drop generators gomyt @95 at

| east 100 drop generators separated B$ a drop generator pitch P. 3. The
printhead of claim2 wherein the first and the second columar arrays of
drop gener atods Hre Separht P LG e8ERABENEL b§TaP MRACHIP T ¢ ters,

and the third 10006486, 24 29-1Noy:ROPSangk thies f s d Mmicoldmenasr@rrays of

drop gener at ors are separated from each other by at nost 630 m croneters.
4. The printhead of claim1l wherein said second columar array of drop

generators and said third I 1 QT ay 0of, di op@enRerat 95 sqarf&apar at ed
by at nost 800 ?n"cr o?rjé%erpggn%m%he pri nt ﬁead of claim1l wherein said drop

generators apéunoafi gured o6 dmbp deopsahavisngnd @pép tSIGmEdINReE r ange
of 12 to 19 picoliters. 6. The printhe of ' rejin j

generators & £a¥oncf§eg§i‘8% tgoeneerﬁ!%ttOdfrsop§§l avsier%&aflgm&gjop VO tungéigg %de)cpr ange
of 3 to 7 pheekbietsrs7. The printhead of claim1l wherein each of said
drop generators includes a heater resistor (56) having a resistance that
is at |least 100 ohns. 8. The printhead of claim 1 wherein said printhead
substrate has a kengtthéS mnthtehaddt o MMBcland wherehere8iWsaid gheat er

E)::]areg.sa g'gelg(%agrolrgt haeraed ggngllg{lgfneé V@(Der e tV\SdJIfépgb?lléRfi%'gzga r&ﬂ‘gﬁ nmeters
volume in the range of 12 to 19 picoliters.

6. The printhead of claim 1 wherein said drop
generators are configured to emit drops having a drop

volume in the range of 3 to 7 picoliters.

7. The printhead of claim 1 wherein each of said
drop generators includes a heater resistor (56) having a

resistance that is at least 100 ohms.

8. The printhead of claim 1 wherein said printhead
substrate has a length LS and a width WS, and wherein LS/WS

is greater than 3.5.

9. The printhead of claim 8 wherein WS is about 3.29

millimeters or less.

10. The printhead of claim 8 wherein WS is in the

range of about 3.29 millimeters to about 2.95 millimeters.

11. The printhead of claim 1 wherein said drive

clrcuilts comprise:



10. The printhead of claim8 wherein Wo is in the range of 4B8Gf4 529

mllimeters to about 2.95 mllinmeters. 11. The printhead of claim 1l wherein
said drive circuits conprise: 10006486 25 29 Nov 2005 col umar arrays (81)
of FET drive circuits (85) formed in said printhead substrate respectively
adj acent said columar arrays of drog generators; and ground musses5(181)

that overlap active regions of said?FET drive circuits. 12. The printhead

of claim 11l wherein each of said FET drive circuiits has.an on-re%i t ance
that is |ess than (250L00BDhmEronEser s2 / BETWAEFBEnCATFELAR afed of

such FET drive glleuht 1o mgl@mebeisignedd. I0Bsprhntheadspboalisianl2
wherei n each of sai FET drive circuits has a gate oxide (93) thickhess

that is at nosta8DEcdmystaiohsco Mamnaphe [t Had o dFTh e wherdih each
of said FET drive ci Eﬁﬂ%% Q%és%sg?i§1569959 ngglgﬁ kessvthard ons
ead of c

m croneters. 15. The Prin alm 11 wherein each of said FET drive
circuits has an ofi-sesd sSEENcEr fe atipwsttsl4 ohns. 16. The print head of
claim 11l wherein each of said FET drive circuits has an on-resi stance of
at nost 16 ohnms. 17. The printhead of claim 11 further including power
traces (86a, 86b1286cTh86¢d);nahdadhereiaiative IFEWhkisln epfluirtfs sariel

configured to conpensate for a parasitic__resi C esent {d
power traceEETlggPTﬁechFHfﬁ%aaggfa@lgpﬁff7gakébg?n%ngngtﬁ%%sgﬁ¥§ﬁi

resistances 9fsghf Fhhesd ¢ Sitid Se:34%9 /36! alce® 0 Acampensatrea foafr suarti ation
of a parasitic resistance presented by said, power traces. 10006486
FET drive circuit in micrometers .

13. The printhead of claim 12 wherein each of said
FET drive circuits has a gate oxide (93) thickness that is

at most 800 Angstroms.

14. The printhead of claim 12 wherein each of said
FET drive circuits has a gate length that is less than 4

micrometers.

15. The printhead of claim 11 wherein each of said

FET drive circuits has an on-resistance of at most 14 ohms.

16. The printhead of claim 11 wherein each of said

FET drive circuits has an on-resistance of at most 16 ohms.

17. The printhead of claim 11 further including power
traces (86a, 86b, 86c, 86d), and wherein the FET drive
circuits are configured to compensate for a parasitic

resistance presented by said power traces.

18. The printhead of claim 17 wherein respective on-
resistances of said FET circuits are selected to compensate
for variation of a parasitic resistance presented by said

power traces.



26 29 Nov 2005 19. The printhead of claim 18 wherein a size %?O%g%ﬁ6 of
said FET circuits is selected to set said on-resistance. 20. The printhead
of claim 18 wherein each of said FET circuits includes: drain el ectrodes
(87); drain regions (89); drain contacts (88) electrically connecting said
drain electrodes to said drain regions; source el ectrodes ¢97Mgv 2900r ce
regions (99); source contacts (98) e@%ctrically connecting said source

el ectrodes to said source regions; and wherein said drain regions are
configured to set an on-resistance of each of said FET circuits to

conpensate for vagi atﬁ%éﬁfirﬁclﬂ@é@%ﬂ iQ Ji@5i1t aneeeipr esented offy esahd power
traces. 21. The printhead of claim20 wherein said drain re i%E§C%pnprise
el ongat ed defiseyedi®hs ieseh tendPudrh§Cacdcbit AUty Hon-Cont act ed
segnent having a length that is selected to set said on-resistance. 22.
The printhead of claim1l wherein_each of said ‘églunnar arrays of.%ET
drive circuits i30corfle nedinrheadr a§i 6h2REYilig "WSHHth $hat PS &F fost 180
mcrometers, .23, The: printheagd.of claimll wherein each of said columar
arrays of FET dfiVe erfcuits is contained in a regi on having a width that
is at nost 250 microngters. ePActmidedrihthvead of claim 11 wherein: 10006486

27 29 Nov 2005 said péyégﬁi%%bcgngiggapy side columar arrays of drop
generators conprise four side %y side columar arrays of drop generators,
each columar array ofirafmpcontacts (88) electrically connecting said

drain electrodes to said drain regions;

source electrodes (97);

source regions (99);

source contacts (98) electrically connecting said
source electrodes to said source regions; and

wherein said drain regions are configured to set
an on-resistance of each of said FET circuits to
compensate for variation of a parasitic resistance

presented by said power traces.

21. The printhead of claim 20 wherein said drain
regions comprise elongated drain regions each including a
continuously non-contacted segment having a length that is

selected to set said on-resistance.

22. The printhead of claim 11 wherein each of said
columnar arrays of FET drive circuits 1is contained in a

region having a width that is at most 180 micrometers.
23. The printhead of claim 11 wherein each of said

columnar arrays of FET drive circuits is contained in a

region having a width that is at most 250 micrometers.

24 . The printhead of claim 11 wherein:



. 6486
generators having at |east 100 drop generators separated bylgogrop

generator pitch P; and said plurality of columar arrays of FET drive
circuits conprise four columar arrays of FET drive circuits. 25. The
printhead of claim 24 wherein said four columar arrays of drop generators
conprise a first columar array and_a second col umar array sepamoated from
each other by at nobst 630 microneteré’ and a third col umar array and a

fourth columar array separated from_each other. _by 630
mcrometers. 26. The fRIhtNeHF OftYcIodi ﬁﬁgg %ﬁr?ﬁg? ?%%Fﬁgﬁééla S o ik
feed slot (71) aaf_:i%g secepdibnk teegdrsket fotd) ,sidndowhet éencodainthafi r st
columar array of drop generators and said second col umar arggy of drop

generators di sposeteydroeidiRg g 330 Sai §3C1r SPIFARF B B Stt HIF sai d

third col umar agéﬁ¥rQEoP£0th€P§§at9ES apgstcsaindof ourbh Colewmiarcara ay of
drop generators disposed on either side of said second ink feed slot. 27.

The printhead of sebarar2é Wher ed¥oR ISR PEoturar®™t ray of drop

generators and said third gelugnag, @ ay Qin 0P Genes abor sEaY elsiapar at ed
by at nost 800 microneters. 28. Tﬁe print head of claim 1l wherejn said

drop gener at or scareutbsf cqupredseo fomt W OPEHAVIHFE dPop” ™ olUre’S n the
range of 12 to 18i92095£ter5- 10006486 28 29 Nov 2005 29. The printhead of
claim 1l wherein“sard rop generators are configured to emt drops having
a drop volune in the range of 3 to 7 picoliters. 30. The printhead of

clalm 11 wherein,gach,gl saidap generakens dncludes:a heater fasi stor
columnar arrays of drop generators comprise a first
columnar array and a second columnar array separated from
each other by at most 630 micrometers, and a third columnar
array and a fourth columnar array separated from each other

by at most 630 micrometers.

26. The printhead of claim 25 further including a
first ink feed slot (71) and a second ink feed slot (71),
and wherein:

said first columnar array of drop generators and
said second columnar array of drop generators disposed
on either side of said first ink feed slot; and

said third columnar array of drop generators and
said fourth columnar array of drop generators disposed

on either side of said second ink feed slot.

27. The printhead of claim 26 wherein said second
columnar array of drop generators and said third columnar
array of drop generators are separated by at most 800

micrometers.

28. The printhead of claim 11 wherein said drop
generators are configured to emit drops having a drop

volume in the range of 12 to 19 picoliters.



resistance that is at |east 100 ohms. 31. The printhead of ciLgPPn6%JB.6\Aherei n
said printhead substrate has a Iength LS and a width W5, and wherein LS/W6
is greater than 3.5. 32. The printhead of claim31 wherein W5 is about

3.29 miIlineters or less. 33. The printhead of claim31 wherein W5 is in
the range of about 3.29 mllineter s2go about 2.95 m|linmetersev 2005

29. The printhead of claim 11 wherein said drop
generators are configured to emit drops having a drop

volume in the range of 3 to 7 picoliters.

30. The printhead of claim 11 wherein each of said
drop generators includes a heater resistor having a

resistance that is at least 100 ohms.

31. The printhead of claim 11 wherein said printhead
substrate has a length LS and a width WS, and wherein LS/WS

is greater than 3.5.

32. The printhead of claim 31 wherein WS 1is about

3.29 millimeters or less.

33. The printhead of claim 31 wherein WS is in the

range of about 3.29 millimeters to about 2.95 millimeters.



