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to the flex tab circuit or increasin slze o die to provide
such identi fPrERMesiHm. fUsh 88 @isheet of paper to print an image. The ink nozzles are

typically arranged in one or more arrays in the printhead die, such that properly
sequenced ejection of ink from the nozzles causes characters or other images
20  to be printed as the printhead scans across the print medium.

To eject each drop of ink, the electronic controller that controls the
printhead activates an electrical current from a power supply external to the
printhead. The electrical current passes through a selected firing resistor to
heat the ink in a corresponding selected vaporization chamber and eject the ink

25  through a corresponding nozzle. Known drop generators include a firing
resistor, a corresponding vaporization chamber, and a corresponding nozzle.

In inkjet printing systems it is desirable to have several characteristics of
each print cartridge easily identifiable by a controller, and it is desirable to have
such identification information supplied directly by the print cartridge. This

30 “identification information” can provide information to the controller to adjust the
operation of the printer and ensure correct operation. Additionally, as the
different types of fluid ejection devices and their operating parameters increase,
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the floating gate 1 nrtial as no charge, which causes the
threshol d volt agd?rpgrammgmnd using ROM chips in this way has some drawbacks. If

a chip is improperly programmed initially, there is no way to fix it, and the chip
must be discarded. Additionally, fuses are relatively large, and can be

20 unreliable. In inkjet printhead circuits, for example, fuses can damage the inkjet
orifice layer during programming, and after a fuse burns out, metal debris from
the fuse can be drawn into the ink and cause blockage in a pen, or resuit in poor
quality printing.

In recent years, electronically programmable read-only memory

25 (EPROM) devices have also been developed. Unlike PROM chips, EPROM
chips do not include fuses. Like typical ROM chips, EPROMs include a
conductive grid of columns and rows. The cell at each intersection has two
gates that are separated from each other by a thin oxide layer that acts as a
dielectric. One of the gates is called a floating gate and the other is called a

30 control gate or input gate. The floating gate's only link to the row is through the
control gate. A blank EPROM has all of the gates fully open, giving each cell a



To change the value of the bit to 0, a progranm ng voltage (e.g. 10
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Consequently, while some of the drawbacks of fuses in NMOS circuits could be
eliminated by the application of EPROM circuitry, the use of a typical EPROM
cell either requires that the chip be provided with additional layers, which
increases the cost and complexity of the chip, or that a separate EPROM chip
20  be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
Various features and advantages of the invention will be apparent from
the detailed description which follows, taken in conjunction with the
25 accompanying drawings, which together illustrate, by way of example, features
of the invention, and wherein:
FIG. 1 is a block diagram of one embodiment of an ink jet printing
system;
FIG. 2 is a diagram illustrating a portion of one embodiment of a
30 printhead die;

FIG. 3 is a schematic diagram illustrating one embodiment of an ink jet
printhead firing cell array;



in one enbodi nent of a printhead die; FIG 5 is a schematic diagram
of a typical EPROMtransistor; FIG 6 is a cross-sectional view
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cross-sectional “view show ng the | ayers in one enbodi ne

jet printhead die providing the circuitry shown in FIG 3; FIG 8 is
a schematic di agram of one enbodi nent of a gate-coupled EPROM cell
that can be adapted for use as an identification bit in the printhead
10 circuitry of FIG 4; FIG 9 is a schematic diagram of one

enbodi ment of an figeatd E'séﬁ’émé’d& firam o?af\(é Qﬂb@d[%ﬁ?of%ﬂ%l%rﬁﬁca%gﬁ%

identification bit; and FIG IS a schematic diagramof an array of
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printing ﬁyst emt20 ‘S[ge inkjet printing systemgenerally includes an
I nkj et 6 i nt'ha%e %{sF Iy 22, and a fluid supply assenbly, such as
the ink supply dd9&efid qsﬁ!hma‘l‘behdgrﬂ@ef oy embodigiestys taa ndentifcatibhekludes

a nmounting aﬁgﬁg@%’}sa%G p%g\%@Mtlée%ggf&oéaﬁsse”bly 28, and an
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DETAILED DESCRIPTION
Reference will now be made to exemplary embodiments illustrated in the
drawings, and specific language will be used herein to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is
20 thereby intended. Alterations and further modifications of the inventive features
illustrated herein, and additional applications of the principles of the invention as
illustrated herein, which would occur to one skilled in the relevant art and having

possession of this disclosure, are to be considered within the scope of the
invention.

25 Shown in FIG. 1 is a block diagram of one embodiment of an inkjet
printing system 20. The inkjet printing system generally includes an inkjet
printhead assembly 22, and a fluid supply assembly, such as the ink supply
assembly 24. The inkjet printing system also includes a mounting assembly 26,
a media transport assembly 28, and an electronic controller 30. A power supply

30 32 provides power to the various electrical components of the system.

In the embodiment shown in FIG. 1, the inkjet printhead assembly 22
includes at least one printhead or printhead die 40 that ejects drops of ink



WO 2007/ 120988 PCT/ US2007/ 062644 through a plurality of orifices or
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20 printhead assembly is consumed during printing. [n such a system, ink not

consumed during printing is returned to the ink supply assembly.

In one embodiment of an inkjet printing system, the inkjet printhead
assembly 22 and ink supply assembly 24 are housed together in an inkjet
cartridge or pen. Alternatively, the ink supply assembly can be separate from

25 the inkjet printhead assembly, and provide ink to the inkjet printhead assembly
through an interface connection, such as a supply tube (not shown). In either
embaodiment, the reservoir 38 can be removed, replaced, and/or refilled.

The mounting assembly 26 positions the inkjet printhead assembly 22
relative to the media transport assembly 28, which positions the print medium

30 36 relative to the inkjet printhead assembly. A print zone 37 is thus defined
adjacent fo the nozzles 34 in an area between the inkjet printhead assembly
and the print medium. The inkjet printhead assembly can be a scanning type



and the print nmedium The inkjet printhead assenbly can be a scanning
type 5 WD 2007/120988 PCT/ US2007/ 062644 printhead assenbly, wherein
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The inkjet printhead assembly 22 can include one printhead 40, or it can

20  be a wide-array or multi-head printhead assembly. The inkjet printhead
assembly can include a carrier, which carries the printhead dies, provides
electrical communication between the printhead dies and electronic controller
30, and provides fluidic communication between the printhead dies and the ink
supply assembly 24.

25 Provided in FIG. 2 is a diagram illustrating a portion of one embodiment
of a printhead die 40. The printhead die includes an array of printing or fluid
ejecting elements 42. The printing elements are formed on a subsirate 44,
which has an ink feed slot 46 formed therein. The ink feed slot provides a
supply of liquid ink to the printing elements, and is one embodiment of a fluid

30 feed source. Other embodiments of fluid feed sources include but are not
limited to corresponding individual ink feed holes feeding corresponding



30 feed source. O her enbodi ments of fluid feed sources include but
are not limted to corresponding individual ink feed hol es feeding

correspondi 007/ 120988 PCT/ US2007/ 062644 vapor | '
chanbers aWr?ﬁFﬁ% e shorter ink feed trenches that ea ﬁ%}p'ggﬂ@mﬁzsu

correspondi ng groups of fluid ejecting elements. Athin-film
structure 48 is provided with an ink feed channel 54 fornmed therein.
Thi s channel communicates with the ink feed slot 46 forned in the 5
substrate 44. An orifice layer 50 has a front face 50a and a nozzle

openi ng 34 fapdreatibmchatfbdrs and nfuRpR shbRer iRk fdedGRnkifeehatd A fgﬁﬁ a
nozzl e chanber or \F@BO“ zati (ﬁn 56 fornmed therein, whic

. .Chanber
comuni cat es “RFEIPANHYY GEOURSHT iLidsigclind sleaepise i nk feed channel of the
thin-film struct uAehinirh striidigrer483é piovided ithSn iMOREY cRARE] B4 fdiBd t he

i zati on chanb d conductive |eads 58 electrically 10 couple
UhVs 117 ng HRER: dPiscBRosl AN aalmOBI 1% 1 oS eifs EBaT Of

el ectricab eubstets 44 hAnughcsiayer@oathstd ffdnb tack b ah@kSozAE oB&RAg 34
herein, the %erm

"d r". 60 includes the firing resistor
52, the nozz oémc?ﬂé'?rh"%r r%\??ﬂ?’%%}'g?aﬁ?edﬁye’a’?& @ npzzlg champer oz 7| e
openi ng 34. RepdrizgtiQr chetnibey 56iforknekl thavsinf Wﬁiﬁhbhagniuﬂiéafeeﬁdﬂgf{h@f\r%ﬁfeto
th [ ] I,,n ee an . . .The .
ozl o opent seepg find BRTACIeed i biGe vl st SR ATrnd Fenrtoeaa s or
52, such t hapogifiensdevithinptheivakorigatibn nharhizer, ampmni:lua@veﬁ‘adsmrénﬁtrlmgse
j ected t L:NQ: . ti nor o
TheC bF andUo Botibit i fitkrreBsp Rk Goftron RS hBficafian ot sl o 0 o
ener gi zi ng ofumerd througmseledted Sting resi2®rsThis esearterein, he t&rmy‘ldm'pttypes of
i nt head di n [ i ezoel ectri
b1 nt heads. - SpuerfBp I nREueC e lifd Rlstor2! ik IR3HE el Ga %V BRe bl
ej ecti on devFamberdfrandthe hezzle oparting 34¢an be i nt ]tcagrat ed into a I
lti-| t e , npl e,
nulti-layer  strU§liHgGorin r},ﬁ%,'ﬁg@ﬁ'&g ﬁn‘?m‘}aginlggel@)c}%ﬁattig tdRd Vﬁégljézr?ﬁréﬁ

of silicon, glass, ceram a sta ner, "and th 1-film
struct ur 5 48°RUAPEE6iR thednk ted Shannel Géie Tomeozzte onsningiSlss bperativaty or
nsulation | adichted with edig Wi, st hdopIERdPIrkSitnfi heCo"
nitride, tantalum polysilicon glass, or other suitable nmatérial.
The thi n-fi| KRRATZaINGhambes gre eiesied thsough the aezzioereningregetsubstantiafir ,
whi ch define bl | r I . ve
0 on et hefomicl o hefpld ofe il reditof) M k6aa Rfornt sofiif 38 G
energizing of the firing resistor.

20 There are a variety of types of printhead dies. These include thermal
printheads, piezoelectric printheads, electrostatic printheads, and any other type
of fluid ejection device known in the art that can be integrated into a multi-layer
structure. The substrate 44 can be formed, for example, of silicon, glass,
ceramic, or a stable polymer, and the thin-film structure 48 can be formed to

25 include one or more passivation or insulation layers of silicon dioxide, silicon

carbide, silicon nitride, tantalum, polysilicon glass, or other suitable material.
The thin-film structure also includes at least one conductive layer, which defines
the firing resistor 62 and leads 58. The conductive layer can be made of, for
example, aluminum, silver, gold, tantalum, tantalum-aluminum, or other metal or

30 metal alloy. Firing cell circuitry, such as described in detail below, can be
implemented in the substrate and thin-film layers.



exanpl e, alumnum silver, gold, tantalum tantalumalum num or
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20 group 82b and subsequent fire groups (not shown).

The rows of pre-charged firing cells 84 are electrically coupled to address
lines 86, labeled A1-A7, that receive address signals. Each pre-charged firing
cell in a row of pre-charged firing cells, referred to herein as a row subgroup or
subgroup, is electrically coupled to the same pair of the address lines, this pair

25  being unique for each row subgroup. The array of firing cells shown in the fire
group 82 includes 13 row subgroups, but it will be apparent that the array can
inciude any suitable number of subgroups. The address lines also extend to
connect with row subgroups of fire group 82b and subsequent fire groups (not
shown).

30 The pre-charge line 80a (labeled PRE 1) receives a pre-charge signal,
and provides the pre-charge signal to all of the pre-charged firing cells 84 in the



connect with row subgroups of fire group 82b and subsequent fire
groups (not shown). 30 The pre-charge line 90a (| abeled PRE 1)
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group. Data signals are provided on data lines 88 to provide data to all fire
20  groups, including the addressed row subgroup in the pre-charged fire group.
Next, a select signal is provided on the select line 92 of the pre-charged fire
group to select the pre-charged fire group. The select signal defines a
discharge time interval for discharging the node capacitance on each drive
switch (not shown) in a pre-charged firing cell that is either not in the addressed
25  row subgroup in the selected fire group or addressed in the selected fire group
and receiving a high level data signal. The node capacitance does not
discharge in pre-charged firing cells that are addressed in the selected fire

group and receiving a low-level data signal. A high voltage level on the node
capacitance turns the drive switch on (conducting).

30 After drive switches in the selected fire group 82 are set to conduct or not
condugct, an energy pulse or voltage pulse is provided on the fire line 94 of the
selected fire group. Pre-charged firing cells 84 that have conducting drive
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such as t hatSigtiRcliging an energy pulse, is provided to the selected fire group.

20 As noted above, it can be desirable to provide a greater amount of
identification information in the printhead circuit, without adding further
interconnections to the flex tab circuit or increasing the size of the die to provide
such identification information. Accordingly, identification cells have been
developed that can be included in the printhead circuitry, such as that shown in

25 FIG. 3. Provided in FIG. 4 is a schematic diagram of one embodiment of an
identification cell 100 that can be fabricated in the circuitry of one embodiment
of a printhead die (40 in FIGS. 1 & 2). The printhead die can include a plurality
of such identification cells electrically coupled to one identification line 102
which receives an identification signal and provides the identification signal to

30 the identification cells.

The identification cell 100 includes a memory element or identification bit,
indicated at 103. The memory element stores one bit of information. In one

I0



25 FIG 3. Provided in FIG 4 is a schematic diagram of one
enbodi nent of an identification cell 100 that can be fabricated in

the circui enbodi nent of a printhead die (40
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20 to the pre-charge line 118 that receives a pre-charge signal. The pre-charge
line can be electrically connected to the pre-charge line 90 in FIG. 3.

The gate of the drive switch 106 is a control input that is electrically
coupled to the drain-source path of the pre-charge transistor 114 and the drain-
source path of the select transistor 116. The gate of the select transistor is

25 electrically coupled to the select line 120 that receives a select signal. The
select transistor can be electrically connected to the select line (92 in FIG. 3).
The storage node capacitance 112 is shown in dashed lines, as it is part of the
drive switch 106. Alternatively, a capacitor separate from the drive switch can
be used to store charge.

30 The identification cell also includes a first transistor 122, a second
transistor 124 and a third transistor 126 having drain-source paths that are
electrically coupled in parallel. The parallel combination of these three
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coupled to the drain-source path of the pre-charge transistor 114 and
the drain- source path of the select transistor 116. The gate of the
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that receives a s€ t signal. The select transistor c

electrically connected to the select Iine (92 in FIG 3). The
storage node capacitance 112 is shown in dashed lines, as it is part
of the drive switch 106. Alternatively, a capacitor separate from
the drive switch can be used to store charge. 30 The identification
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vol t age (e. gdatd 6ignalistlxl-D3 ko by bn tHeairX® switcho1§6. eTtendaitifitationhiee 102
conducting dtiVifesMeldrBgrdRkigiith i RE &endtion gﬁbﬁal% gh memory element.
The program signal provides a relatively high voltage (e.g. 16 volts) through the
20 memory element to the conducting drive switch and reference 110. This high
voltage changes the state of the memory element from a low resistive state to a
high resistive state by burning out the fuse 104.
To read the state of the memory element 103, the identification cell 100
receives enabling signaling, including the pre-charge signal, select signal and
25 data signals DI-D3 to turn on the drive switch 106. The identification line 102
provides the read signal in the identification signal to the memory element. The
read signal provides a current through the memory element to the conducting
drive switch 106 and reference 110. The voltage on the identification line can
be detected to determine the resistive state of the memory element. In one
30 embodiment, the memory element is determined to be in the high resistive state
if the resistance is greater than about 1000 ohms (i.e. the fuse is burned out)
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vol t age changes the state of the nenory elenent froma | ow resistive
state to a high resistive state by burning out the fuse 104. To read

the state Qf gory elenent 103, the identification ‘
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signal and 25 data signals DI-D3 to turn on the drive switch 106.
The identification line 102 provides the read signal in the

I dentification signal to the nenory elenent. The read signa
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allowing a | Pﬂé&%at’iﬁ%@” Othhat is coupled to each of the identification cells 100, more
than one identification line may be utilized, thus allowing a larger number of

20 identification cells. Also, the number of identification cells that are provided
may be more or less than 56 depending of factors such as the size of the die,
the operating parameters of the fluid ejection device, or other considerations.
Also, the number of identification cells that are encoded with information may be
less than the total number of identification cells on the die.

25 While the identification cell configuration described above can be used in
a variety of ways to store identification information on the printhead, fuses
present some drawbacks noted earlier. The inventor has recognized that
electronically programmable read-only memory, or EPROM, can be desirable to
eliminate fuses in NMOS circuits, such as in ink jet printheads and other

30  applications. EPROM cells do not include fuses, and provide a number of
advantages over NMOS bits.
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ej ection device, "Oor other considerations. Also, the nu
identification cells that are encoded with informati on nay be |ess
than the total nunber of identification cells on the die. 25 Wile
the identification cell configuration described above can be used in
a variety of ways to store identification information on the

printhead, fuses sHMWRSAMGSDIER sthawanekiag ﬂaﬁ{&% ﬁﬁ&él'éﬁROW&%n bPMent or
has recogni zed that,__electronically prograrrma read-only nenory, or

EPROM can belQieAn EERGM cell gwqﬁwmweﬁ@@é@maaﬁm (@lse calleda contreh as
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wth 5 N+ do L on ace e_.sour n rain, . .
respecti vel y(?orgrﬁgg eﬁoﬁﬁﬁ?e'é cowﬂ%q éﬁhﬁg%&tm@ﬁgﬁoeﬁﬁgﬁ]ay’?ﬁﬁf HeJREHG|
gatle and fIOmhtelngIZ]Zﬁleamneilmped;bﬁmehﬁhe ﬂrz]xam? Qﬁeﬁ@@]@hdﬁﬁf& \lfvith a

t t them such that the control gate
o tage 18 copreR el EHESREER: . ol

vol tage i ng gate. Another |ayer of dielectric
material 226 is & Bighdblibqgedsnas grethasieain PR@ gehayales egergaticehat £lextrdnd.he
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generates ene ge rons. i VE vo tween
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onto the fl t t I
loat i ng. gar eting g hedbibendsl S drfiecdl; fiafl) € Tpfiieddita o
vol t age tequeause thepgats/dezin ecandeciparrentlinsraases If sufficient etrotroanare
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w || cause t h
block current at that voltage level, which changes the operating state of the cell

20 froma 1toazero. After programming of the cell, a cell sensor (not shown) is
used during normal operation to detect the state of the EPROM cell.

Because EPROM cells include two gates at each bit location, these chips
require more layers than a PROM or NMOS chip as is typically used in an inkjet
printhead circuit. Shown in FIG. 6 is a cross-sectional view of the layers in a

25 typical EPROM chip 230. Disposed atop the semiconducting silicon substrate
232 is a gate oxide 236. Disposed atop the gate oxide layer is a layer of
polysilicon material 238, in which the floating gate (14 in FIG. 5) is formed.
When properly doped, this polysilicon material functions as a conductor. The
gate oxide layer 236 functions as a dielectric layer (26 in FIG. 5) between the

30 floating gate and the semiconductor substrate.

Disposed atop the floating gate layer is another layer 240 of gate oxide
material, which provides another dielectric layer, atop which is another layer of
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bl ock current at that voltage | evel, which changes the operating
state of the cell 20 froma 1 to a zero. After progranm ng of the

cell, a ce (not shown) is used during nornal i
det ect thewgt @‘%""t he EPROM cel | . Because EPROM cel | 388%3%?8@&12%
gates at each bit location, these chips require nore |layers than a
PROM or NMOS chip as is typically used in an inkjet printhead

circuit. Showmn in FIG 6 is a cross-sectional view of the layers in a
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connecti ons n ecotrol ate, the drain,
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circuit are fonowwby apolykiicdriayer 2Bpes Eleféém&daye'ﬁ 288, N & Metdi AhgEr

AN TNV I TR S R
circuit shomhayerrﬂﬂ?l G 3, is given i n FI G 7. This chip includes a
(stch as s 11 con THEaRb AR EAARE: 260,286 Mich S ARSI for iR e,
256, a di¥l elitesi datadipes, pZéBhargb,eaemt et dite Imebmmrothﬂﬁﬁ}cahebmbtﬁﬂnﬂ
265 The t wot Aokt Siaye B iEs RERRREHAIA! B s RlcafiEhieyfor ne”
address 15 | lapersgnddzatendielectric, thatrvesuithize: peeded dbraxeatioantla ktandaldi nes, and
O g oEP RERLEL S preh et i BRI il ybL bk e
focused on adding additional process steps to add an extra floating gate and
20 gate dielectric. Another option is to add a separate EPROM chip. Both of these
options add complexity and cost
Advantageously, the inventor has developed a gate-coupled structure
and method for providing EPROM functionality using the layers in this PROM
chip, without adding process layers and cost. Shown in FIG. 8 is a schematic
25 diagram of a gate-coupled EPROM bit 270 that can be created using the
existing layers of the inkjet pen control chip shown in FIG. 7. The gate-coupled
EPROM bit comprises two fransistors having their floating gates tied together.
The first transistor 272 is a control transistor, and the second transistor is the
EPROM ftransistor 274. The control transistor includes two control connections

30  or control terminals, the first terminal 276 being labeled Control1, and the
second terminal 278 being labeled Control2.
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| ayer and gate dielectric that would be needed for creation of a
standard EPROM cell. Prior attenpts to inplenment EPROM s in this
type of cifcui v focused on addi ng additi onal process ste to
add an ext g’ ﬁ%ﬁ?ﬁ”ﬁg gate and 20 gate dielectric. Anot heV ?ﬁ?f’f@ﬁ“ﬁs
to add a separate EPROM chip. Both of these options add conplexity
and cost Advant ageously, the inventor has devel oped a gate-coupl ed
structure and nethod for providing EPROM functionality using the

| ayers in this PROM chip, w thout adding process |ayers and cost.
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structure shown in FIG. 7, and only requires modification of the geometric layout
20  of the various circuit layers. The floating gates 280, 282 of the control and
EPROM transistors, as well as the coupling connection between them, can be
fabricated in the polysilicon layer 256 of the printhead circuit. Further, these
floating gate regions in the polysilicon layer can be electrically interconnected by
the Metal1 layer 260. The gate/drain coupling is from the n+ drain region of the
25 substrate 252 to the gate, through the gate oxide layer 254. The Metal1 layer
260 can be configured to connect the source of the control transistor 272
(Control2, 278) to the drain of the EPROM transistor 274 (Drain 284). One
advantageous feature of this configuration is that there is both source and drain
coupling to the floating gate. This provides additional capacitive coupling from

30 the control node to the floating gate. In general, the more capacitive coupling
the better.
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provi des the gate capacitance of a standard transistor is used in a
reverse direction to provide this capacitance. This gate-coupled
structure is fully conpatible with the printhead |ayer structure
shown in FY@ 209712888 only requires nodification of the BEHNBIOPTR62644

| ayout 20 of the various circuit layers. The floating gates 280, 282
of the control and EPROM transistors, as well as the coupling
connection between them can be fabricated in the polysilicon |ayer
256 of the printhead circuit. Further, these floating gate regions
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current problems, though the voltage at the Control2-Drain node will be lower,

20 and will provide less voltage to the floating gate.

Another approach is to hook the terminals 278 and 276 of the control
transistor 272 together, with a resistor 283 (shown in dashed lines in FIG. 8} in
series between them and the Drain 284 of the EPROM transistor 274. The
resistor would limit current into the Drain, but the voitage at the nodes labeled

25  Control1 and Control2 would still be at maximum voltage for greater voltage
coupling to the floating gate.

Programming of this gate-coupled EPROM celi 270, like typical EPROM
cells, is done by applying a voltage pulse to the terminals 276, 278 of the control
transistor 272. This is done in order to provide a quantity of hot electrons to the

30 floating gate 280. It is desirable that the voltage on the Drain 284 be close to
the breakdown voltage of the circuit. The breakdown voltage is the voltage at

which the EPROM transistor 274 begins to conduct with the gate below
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15 Alternatively, the drain 284 of the EPROM transistor 274 can be
tied to the source (Control2) 278 of the control transistor 272,
with a resistor 277 (shown in dashed lines in FIG 8) between
Control | 2W® AAHI2638trol 2 278 to linmit drain current. FEIYS2007/062644
configuration can be nore robust with respect to drain current

probl ens, though the voltage at the Control 2-Drain node will be

| ower, 20 and will provide |ess voltage to the floating gate. Another
approach is to hook the termnals 278 and 276 of the control
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tied to the Drain n ance of ,
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Addi tional | yyolfa§é cRANGE dedlired & tdtd| g%ﬁ%t%ﬁ?é‘@é a@:?éﬁcﬁ) @E%ckne&@at

is, the Iegc%th of the channel undér the gates o
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For exanpi e, pe’}‘c @M\f%’neﬁjﬁtl@ ho{ Q@ét?dhs%ét'aré B o fehen HeaRY
vol tage. In odi nent, the inventor has 10 used a gate ength of

from 3. 0pmt 03 'QBH? emP@P@aed*t dhe ApaHng gate Yaltaos isip S 1earangersicd yaligdo
required f 0T 1PYSIB! 6l Mthepvaita gé‘ maa{gee@a@fﬁeh?fd f'lt'rﬁb?ﬁdaﬂﬁ% gétb%ué{gﬂ tage,
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transistor 272, and the coupling ratio of the silicon substrate and polysilicon

20 iayers (252, 256, respectively, in FIG. 7). While the desired hot electrons will be
provided with any gate oxide thickness, the thickness of the gate oxide will
sometimes be fixed for a given chip configuration. For example, in one
embodiment of a printhead control chip, the thickness of the gate oxide is fixed
at about 700 A.

25 The quantity of hot electrons provided during programming is higher
when programming is done at close to the breakdown voitage, and with higher
current. In one embodiment, the inventor has programmed with a 25 mA
current, though other currents can also be used. The inventor has also
contemplated a 20 mA programming current, for example, and other currents

30 canalso be used. A range for the threshold voltage that the inventor has used
is from 3 volts to 7 volts, but other threshold voltage ranges can also be used.
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vol t age change desired, the total gate structure capacitance, and the
thi ckness of the gate oxide (layer 254 in FIG 7). The gate oxide

t hi ckness %ﬁ)% glnes the 15 percentage of energetic hot_el ectrons

that are abBlOZW6H®Ech the floating gate 280. In one e%'gwmﬂ‘f@“t‘he
floating gate voltage is in the range of 5 volts to 12 volts, though
ot her vol tage ranges can be used. The floating gate voltage depends
upon the voltage on the control termnals 276, 278 of the control
transi stor 272, and the coupling ratio of the silicon substrate and

polysilicon @ﬁdéﬁ%@%ﬁo@ﬁa%@éﬁs tﬂeezﬁvgﬁfé&"h\églfgund tﬂatF %mﬁl}sgggx]d le the
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used, particularly if e various paraneters nentione ove are
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vol tage. Th azdltage,rthegaﬂeas afs@umﬂ sme trtahﬁstop(mot Stsowi) d/as eohiddted tfthd he
EPROM cel | ¢ oatqu gate of?he EIQIE:BFVI cell. al'?uPsuctauges tﬁe ga?e voltage of the sense
transistor to be the same as the floating gate voltage. The on resistance (Ron)
20  of the second transistor is proportional to the gate voltage. By monitoring the on
resistance of the second transistor, the floating gate voltage could be
determined.
The gate-coupled EPROM cell shown in FiG. 8 can be incorporated into
circuitry in which each EPROM identification cell is associated with a separate
25  control circuit, like that of FIG. 4, or the gate-coupled identification bits can be
incorporated into an array of identification cells that share control circuitry.
Shown in FIG. 9 is one embodiment of a gate-coupled EPROM celf associated
with individual control circuitry. This figure shows a portion of the circuitry of the
identification celt of FIG. 4, with the gate-coupled EPROM cell 270 inserted in
30  place of the identification bit (103 in FIG. 4). Such a configuration will provide

one control line per cell, with the operation of each EPROM cell being controlled
by an individual control transistor. This sort of configuration has a larger
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and after progranmm ng. The inventor has built and tested this type of
EPROM cell in a laboratory setting. In the test setup, a nodified
cell was built to nonitor the floating gate 15 voltage. A voltage
pul se was HPAPERE the gate and drain to program t he BERERRQUPGZ6H
a desired threshold voltage. To test the cell to sense the gate
voltage, the gate of a second sense transistor (not shown) was
connected to the floating gate of the EPROM cell. This causes the
gate voltage of the sense transistor to be the same as the floating
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physi cal size _than the shared-ci rcwtrg arr angement IS simlar

to some cont FBROM Kamsistorfi4 ek the seireel 24 eHhe G@'@@' trARSIEPAR, Pha FI G

9, the identjckistrtz7oRah béfblaﬂe@a befveRARESIPEE 61Qhé Bht R &Tsibr arfdRe
control transistor 272 and the drain of the EPROM transi stor 274, and

the 5 sour ceP8BE2&oft %Cmrﬁ%‘%ﬁsﬂéﬁﬁeﬂ‘@ elmnspn sguldsiepped gpen n of

the drives swray@hde&i%nswﬁuféthhaaeu&éd @%ﬁ@f drsiHRL®ENtt 0 ground 110. A
narrower gate 28 rovi ded on the EPROM transi stor 274 to

provi de | ower br %f'ﬂﬁﬂ 9?}1 &’fd@ 9, whgngthe krapgigtor; 16 ig Breeden fhespusreRoM
cel | to obt apfith@ EPREA trahSsta2ry isledsdHtialloat grélrRCERPS EHRONMEefFPROM

transistor V\fuwt?o%ts a%)&%gg dbe?i%or tp.g cgﬁ %ar:l?éj gng v\éﬁ;gt;eagf t?wecl)lfj line 102 couples
thru the gate oxide of the controi transistor 272 to the floating gate (2807282 in
20 FIG. 8). A high voltage (16V) will program the EPROM. A lower voitage will be
used to read by detecting the threshold voltage or the on resistance. If the
transistor 106 is off, any voltage applied to the ID line will not have a path to
ground, and the EPROM cell will not be affected
Shown in FIG. 10 is a partial schematic diagram of an EPROM array 300
25  that can be produced using the gate-coupled EPROM cell disclosed herein. in
this configuration an array of gate-coupled EPROM identification bits share
control circuitry. In this array, a plurality of gate-coupled EPROM cells 270 are
arranged in rows and columns. The input line of each gate-coupled EPROM
cell is tied to the input voltage Vi, (designated at 304) through input line 308.
30 The source line 288 of each EPROM transistor 274 is tied to the drain of a
row transistor 310. The row transistors are tied through their sources 312 to the
drains of column transistors 314. If desired, a drain current limiting resistor (not
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10 other transistors on the circuit. As discussed above with respect
to FIG 8, a resistor 283 (e.g. about 100 ohns) coul d be added
between th | 4 of the EPROMtransistor 274 and ource 278
of the conﬁpgog‘{jﬁgﬁgi stor 272, or a resistor 277 can b%gﬂi”g 2 062644
bet ween the source of the control transistor and the drain 276 of
the control transistor. The nethod chosen woul d depend upon 15 | ayout

deci sions and technique used to control drain current. Referring back
to FIG 9, when the transistor 106 is turned on, the source of the

EPROM t r ansi giduin) 244 bb%d@éé %b@ﬁﬁbr@celﬂ ra@‘&'égcnbﬁagf::&v &?JI,

functions as descrlbdf t he I n FEi . e on
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detecting th etqﬁnéhsggwﬁ‘ %?'%EB Eh'%Fesﬁl\% B8R becenracigietween thgeoltage

transi stos 10 drg tﬁéfirauﬁﬁﬁ’th!!@mtraﬁﬂétbﬁ 84 Gh FI@B% Qnth'ékﬁngﬁé lihe NOL

have a path u and the EPROM c fect ed Shown
S Vi i Pgie

wi ||
in FIG 10 i $isin% Apd ﬁEP%?*Sd'F‘%?%‘? (SaﬁWEF“F@?haﬁ’ lings RGeS, 25
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col ums e t e: |
theul nput’ v J 'JtaggeW%&t%?aggthnéaltiégﬁaﬁ%llggg% gﬁ\(q'rﬁﬁt&tolth%@p'é@@e 30
The source I3Qﬂa 286 of each EPRC]\/Itransistor 274 is tied to the drain
of a rowtran t r r ' hr h eir
sourcesw312 tgl f r@re é%gnﬁ%h%?eq%téﬁﬁgﬁ%& glégrfgr %Ji"ﬁq %tf’tgg'&el%@ a
dr ai n curr enthelgatastaf @ rew selectdransistors 3 XDin\AQIGOODW] JD@&8urces 312 of all
PCTI US2007/ 08264
descri bed above ﬁsﬁé}?\éﬂ;g’ @?Ht‘:gﬁ@dﬂg%@t %GQoFE%%‘?Hn opual
resi stor 1% orfrwfgﬁﬂéotgam%“@efme Q%te%Bi@bfeeach@giﬁmndran@@mr(a%om in
dashed |i nescd,{p,egtb@,t? é@%[téﬁ?’é rrcgg nbf éi%lmﬂ?ﬁl\n%) fc%%rﬂin'ea?ﬁot shbn).

transistors in par al stor can connecC between t he
vol tage 5 Vi ihesprireese3Zf cfithe eplump drapsisions are sarnestegito @zemman wiltage,8) |

with a singl ﬁm‘h'd&%rouﬁoonTh\Q &Iﬁrﬁn ¥r it iapd QBele?@q‘ﬁ%ﬁ@foﬁfnﬁ\ i@ 324

(shown in dashed ITnes in extending fromthe resistor to
the drains ofer eattmng, Eth@OEMRC]\/I t ran5| stors
20 The row transistors 310 and column transistors 314 allow selection of the

specific gate-coupled EPROM cells, both for programming and reading. The
column {ransistors are normal transistors, and the interconnects to these
transistors can be fabricated in the Metal 1 layer (260 in FIG. 7). Some
advantages of this circuit are that it is more compact than implementation of
25 Identification cells with separate control circuitry, and it doesn't require the
Metal2 layer and its associated layout rules. Additionally, the size of the gate-
coupled EPROM array 300 is not limited by the configuration of the printhead
firing cell control circuitry (80 in FIG. 3). This array can be as large or as small
as desired, regardless of the number of data lines associated with the firing cell
30  control circuit.
To program a cell 270 of the array 300, the cell is selected by applying a
voitage to one row line (e.g. 316a) and one column line (e.g. to the gate of
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in the array. The connection between the source and drain of the
EPROM control transistor 272 would then be renoved, and all of the

contr ol 0 drain connections of the EPROM cel

be tied dl%citoﬁ{/ﬁfwc?%t he input line 308. The row |ines, %E(Hé%“&ﬂ"ﬁé‘i%a
for Row 1, 316b for Row 2, etc., connect to the gates of all row
select transistors 310 in a given row. The sources 312 of all row

transistors in a given colum are connected to the drain of the
colum 15 transistor 314 for that colum. The gates 318 of each

Chr ough. col uoiin 3RSstcr SRR ARSER abukg drAENRG HG R AR ViR HT
transi stors a%¥ 'EGHW&S’E ¢ epsa thegiangiion 6f thagell, a lowetinpis vgltagend. The
col um transpgit®lSg.F\G it apsiedth iﬁ%‘%%nfe%aycghdlﬂ% chrrertié fon t%dcg'l #En 2,

and so on. 20 The row transistors 310 and colum transi stors
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iring ce con 0 ce 0 e array
300, the cel 4@ YR Eﬁé%m Eﬁw @5%8 %ﬂqe%g}';}éaﬁ"?fé’%ﬁ%éaﬂ&%sﬁﬁ@f
(e.g. 316a) lawdr mgrmhMmufren@alﬁdElamerhrzeﬁ e ded fof higher current
2007/ 120988 PCT/ 82007 .062644 aUlm"l traps I sto

ool <c of rel ati voh SPRRGI LAY ot Al RyeopdaiRbar s rddense
t he condiiionmmfAtd:iemoesign,al tarrsowes sélegted colomhagetrofransigot S&4.(&n g. 5V)

array t ner P& RLSAT, VEkhon RSt Sty ig'osh 27 ML bBREEL0LREE of < ne
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No drain to naye the source of the EPROM transistor floating. That is, the source of the
EPROM transistor will not be driven to any fixed voltage, but will just float to the
20  voltages on the other terminals. There will be no voitage across the EPROM
transistor.
An EPROM array can be configured in the manner described above for
use in providing pen 1D bits in an inkjet printhead. In this configuration, the row
and column signals can be supplied by the shift register of the pen control
25 circuit. Thatis, rather than drive the row and column fines individually, the
respective values can be shifted into a shift register, and driven from the shift
register outputs. The shift register addresses the row and column selects of the
2x10 array. It will be apparent to those skilled in the art of semiconductor
design that the geometric configuration of the circuitry can be configured in a
30 variety of ways.
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gate voltage coupling issues because the drain and gate of the EPROM
transistors switch together. In addition, gate to drain coupl ing is

actual ly us because it increases the voltage_cou
t he gate. %ﬁ’é%%?ﬁ??? has found that the size of the rBW@g‘TO%‘?@G‘“

transistors 316 is 10 significant because they nust handl e the
progranmm ng current, such as 20 mA, 25 mA, or higher. For this

pur pose, the inventor has used row select transistors having a width
of 150 pm It will be apparent that smaller sizes can be used for

| ower progranmm ”grr%‘&ﬁ@éerﬂénha%rb%lﬂaﬂdq%%rns 3 d4- {tang Qgs%%eﬁj\ tfmgabovegher

current. In operation, a row Si % S

transi stors 99897 nARE{Arogramming, therERBONheels hgyrheld theirchergedosaieeat ed
col um contr@dart ransi st or 314 An i nput voltage Vin is then applied,
and only the cell_270 w its row and col unm transistor turned

on will have the f# "P"WIW ag%'oae%f§§ftne gatg-pouplagls PREM cellgesgribeday e
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confi gured IE@ gg manner descri hed above f use in providing pen |ID

bits in an i ca plavQEe ared ferieakage ﬁ\‘"”%ﬂif Adtigenally Hbe gatw oxided

col um si gnadz&mam@e')wﬁmbrﬁs@éd fongbsaiité tiri @Gifn&éaﬁ(agéfcuir@rﬁ pen
circuit ' r at her row and col umm

control
lines i nﬁ‘? vi dual IAfd'tPHa k'?aesft?é'&eisis\?é"\?gﬂ?&c ?ﬁeﬁéﬁ‘@ﬁlpﬂf@(ﬂ‘qnﬁ?o a
shift regi st8light andulatidneémlalyeosurtabes s \'fistrsatmr&gmﬁeemlcﬁhéd@tdfme The

oL 0ot e 5 b L RPh in B BRag oceon £1°
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oot oy or SR BB SHA S SR e o808 S0 SBRLD el
upon a nunbeof togseflayarer slowBeerainsan EPROWY dinaait, dheseifactolisfHaes angreater
effect.
At the same time, there are other factors that affect fuses that do not
20 affect EPROMS, or that do not affect them in the same way or to the same
extent. As noted above, fuses have a number of drawbacks that are frequently
bothersome. It is believed that EPROMs will ultimately be more reliable than
fuses in the application disclosed herein. Where the possible limitations of the
gate-coupled EPROM cell disclosed herein can be tolerated, this configuration
25  can be useful without the need to increase quality control. This is true of inkjet
pens. The design life for an inkjet pen is usually about 18 months, primarily
because inkjet cartridges are usually soid soon after manufacture, and because
the pen then gets used up. Consequently, if the EPROM cells can reliably hold
their charge for that time period, there is little likelihood that the device will not
30 work as intended. However, this same structure can be effectively used in other
applications where greater reliability is desired by exerting greater control over
the flatness and thickness of the layers.
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than the typical EPROM cell configuration, sone aspects of the
resultant design affect its robustness. For exanple, the |larger size

of the floatin? 17_E;Fte (280 in FIG 8) can allow nore area for |eakage
current. AYQTPGHA®Y, the gate oxide (254 in FIG 7) ??’H@%OW"GZ““

processed for absolute m ninum | eakage current. 10 Additionally, the
flatness of the layers can affect their performance. Slight

undul ations in layer surfaces and variations in the thickness of the
different | ayers can cause charge concentrations and Ieakage bet ween

the layers. In ar%ht&%&ﬁié’é EPRWE&u&RQElsQH&ﬁ@h%E% |£@e\/@£~.és of

the PROM chip  shown 1n or exa
fl at ness of H‘Héklﬁtﬂquirékmmpé&/‘éﬂh%a%@ Biogessdpyere and d¢%l gbisric

| ayer 254 ar eorﬂ@bra%nfbfd\ﬁde%%eué %t Qrﬁ%r?&z‘ fA8n esd.paa EFB@X# EdifsCili! -

This factor affects the level of qualify control appli to forrratlon
of these | ay®Falleriaiie?s. in an EPROM circuit, these factors have a

greater effect. e ddiecoaiBy fdbﬁﬁcaﬁ&iﬁéeﬁas 3aF b@h&lﬁ:’ tofs86rh @'vAdé Uéﬁe
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themin the QQH%”W%“QS‘H”PH“?‘I‘P@ ’E‘Sﬁ%t'”géﬁﬁtérﬁﬁ of %°th?ft’@f8’rﬁﬁt§\’i'@b°ﬂbf§és
have a nunbepnrﬁﬁeatr&ébﬁﬁkéxdrﬁmé rmtérre%tﬂ@/ﬁdé/ RS Y RPFEPROM S
bel i eved t hat EHR%/B J@ g%@ﬁ nor e rellablethan fuses in
the appli cat {95RUTFREED 6% d:aﬂé’F%F | @P@'WH@OB‘@E@FE‘PF@Wﬁdﬁvﬁﬁ‘?w&ﬁs of
thef gat e- coppbe@bsasmmeldrmdmgsqmw eebmh ethéa{mna&mtsolmraiaﬁwbl?t?l s
configuration a ou 0 j.ncreas ual i
cont rgl Eﬁ%‘hl wele e&f"@'@{)’%ﬁy?%ﬁ? lg’tca" gﬁ 'de?nfgiag%ﬁ”@ﬁmﬁ iqn.akoyf t g i nkj gt
pen i s usual prntedealdie 18 atonot the jnkjet icarridge\or pbeoaulam thekgrietheaardig isdges
are usual | he pen then
gets used ﬁpﬁg%gendzgg%eg% &?Jrnﬁﬁ&f%@%&%m ceI Rﬁ@gﬁ%ﬁ%q %5%1 y hold
their charge for Tfhﬁadentlfnairqnmeliman alse stord igemtification infokmedtiondmdicatingt

the device w, bl ngf se%g ‘P@srlé"ta (Lrghz%ﬁgto (l[l_&%\fﬁé etlgnmé?é@?%?fst%um ure

can be effectively use i n I cations ére
reliabilify Prﬁﬂthlw r3eledigd @eeiiftcatt@ wle@aestom)adentﬂicaﬁmﬁnformmm | at ness

qat e- coupl od oAUl £ pHANERT mgrenksh Abecic ey s oLl esbegle’, | T
i nkj et pen cHatrigthegis tdentifcaipn helistcandeiusgd to storesdentifigatiop nafnnlnatmst
T Cont ! GiHfiRbRY arP R Y81 ReiGR e blifthedt. % biHi6Fdan! 488k rdtthd LR
weight values stored in selected identification cells and the out of ink detection
20 level information stored in other selected identification cells to determine actual
out of ink detection levels.
The printer can also use identification information for marketing
purposes, such as regional marketing and original equipment manufacturer
(OEM) marketing. For example, selected identification cells store identification
25  information indicating a marketing region for the fluid ejection device. In one
embodiment, selected identification cells can store identification information
indicating the seller of an OEM fluid ejection device. Selected identification cells
can also store identification indicating whether an OEM printer is unlocked. For
example, the OEM printer can respond to the OEM unlocked information to
30 unlock an OEM printer, such that the OEM printer can accept OEM printheads
sold by a given company or group of companies and printheads sold by
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smal l er than fuses. 5 The gate-coupled identification cells can be
used to store a wide variety of identification information

i ndi cati ng S of or other information about the I i e.
For exarrpl‘é"]c %Bﬁ{zlﬁ%tser enpl oying a printhead having EPI'«’g;/*/le[g{58%{]1629"!4
identification cells can use the identification information for a

w de variety of purposes to optimze printing quality or perform

ot her functions. For exanple, 10 selected identification cells can
store identification information about the printhead die, or about

the inkjet cadrhpafi@omer BER tHagivéH @dmﬁéﬁ? oPiolp R8s shrfed, §ucH ébStﬁét ed,
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tenperature of the 15@1’?4' nt head. Sel ected identification cells can

store ident i POGHS WP Rift BPAWRtreYision ala tud riggtion davicer HEErashchiyERess

nunber tosi demd pffo)ztuétrrsvzﬁbmaeﬁ by ugaﬁwaenh@r totd38endih PhjARas.
| dentification ce to store identification information

i ndi cat i ng a?mrﬁ?é%er%ﬁaﬁ}évt@ﬂf'fﬁaf@ da PEedust reuisien physieal sharactesslicie count

for the dropsushedsHpacnglbetsechtrvzeld colunie! ®eat Ry trtikiil it pfituel | s
and t he out of |nk deteil on. 20 | evel inforpatlon stored in ot her

sel ect ed i defAN #52 Be sioredipiselectes ingntificationcelkefipprinthaad. & thisik
detection | e&’rﬂb@dlm'éhﬁ tH probedt r@ﬁé]orﬁbl%nddﬁ@a‘rét@éﬁshé irfcthiaBbn 4 &g mation

equi prientd naSkACR BF RNty BEARSHiarot PGk TRl ehanges bevisan
identificatipredaetlrbdsishere i dentification 25 information indi cati ng a
Tt 9, 59,7 S e AT SR R S8 o PR

i ndi cati ng timanygetheepurpbsesin @GEtikibn ta tHosg mated abo\ee \HecauseSbe ebargd on
whether an CORGRgqetE BER ExRQUYaRSE s n RS G SPEIRE PR o/ can
respond % té¢rnfigamatiom car ke uséchfocteraclmnlative Gaantitieso dfor @mar@pllel joramnt er
such that th‘ﬁkup irthedt o GRE.BGAEPEPREM &L s%anﬁgggcceggb%bby a given

conpany or gr conpani e pri s SO
2007/ 120988 mqgmwwlt%e@me r@mbpaﬁf rages phrted putaar fohethgr RUéFpoSESTPany

or mg) A g;p of  SRBPBRIRAMMMEIY EFRONM RellsARbA RS 18 indddhBla JEREGH Grhalr er
EPROM cell 270, successive programming of these cells can be used to control
20  analog circuits, such as to create a variable time delay. Other applications are
also possible.

It is to be understood that the above-referenced arrangements are
illustrative of the application of the principles of the present invention. it will be
apparent to those of ordinary skill in the art that numerous modifications can be

25 made without departing from the principles and concepts of the invention as set

forth in the claims.
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Selected identification cells store identification information
indicating the product type and product revision of a fluid ejection
devi ce. The product type 5 and product revision can be used by a
printer to ascertain physical characteristics about a printhead.
Product revision physical characteristics, such as spacing between
nozzl e columms, that may change in future products can also be
stored in selected identification c l‘“@%{fg a printhead. In this
enbodi ment, the product revision ph?&l characteristic information
can be 10 used by the printer to adjust for the physical
characterjstic chaﬁ:?es bet ween product revisions. Gate-coupled EPROM
cel I s conMhgtisslimed s way can al so be used for many other purposes
in addition to those noted above. Because the charge on the floating
gate of the EPROMtransistor (282 in FIG 8) is cumulative, this 15
configur ati on ban bén IPRON o-elt iora pontheddatannel qinarit fdriaasinkjéoprinter the
exanpl e, | o2 Jé |nt henf;jl the te coup Fﬁ‘h
successweqr'yr rpgf)t}l é?‘g A PYCLE rtsﬂ rﬁﬁ’nﬁ’g? aB 985e 8P 18‘31

or for otdHigfospdaBOsate selﬁbmc@&@%m Bed @fcolkhiREM ekl &ispored Eiﬁ:ﬁ.fettﬁ'@
t hreshol d vol t age of é EPROM cel | . 270, successive progranm ng of

t hese cellP@y%]é‘i?nB%ye&st ?JEF%O%Fﬁ”rQﬂmPZW%naI og circuits, such as to
create a vari apl r [ i-Bl

T hs o be unacraraon BRI nGhOR aaR %%%nﬁgﬁﬂglﬁlﬁan%%f’?@&i?? e
i || ustratpoipsigfontligerappl i cation of the princi pI es of the pr esent

invention. It vm a t.to ose ski th

that nuner ous SoETROSLERBRT L. 500 Bl SomaBRia tiont myfiohdh B
princi pl esolgsilicondimee physicatly ifdeatédiren thofrsagori@t of thepélpsilicont 1agercdndi s.
25 CLAIM5 What is claimed is: 1. An EPROMcell (in a printhead
control circuif® F%Fm& TRRE@meRHqm GHmPrisHg 2 Rntieny|of CE%F cCPPEugiyGi lgera
seni condugiRdonttim ! Bt TloaBRE gABhIORL Yol PRIsKE) |dn8 ARe FRYESH Qb%@%@d
above the sem conduct or substgr ate, and a conductive |ayer spose
above t heEPRAOMwitsistsn | ayer, the EPROM cel |l conprising: a control
transistor, having a floating gate conprising a first portion of the

2. An EPROM cell in accordance with claim 1, wherein the control transistor
comprises a first control terminal and a second control terminal, and further comprising

an electrical interconnection between the first and second control terminals.

3. An EPROM cell in accordance with claim 2, wherein the electrical

interconnection between the first and second control terminals comprises a resistance.

4, An EPROM cell in accordance with claim 1, wherein the control transistor
comprises a first control terminal and a second control terminal, and the EPROM
transistor comprises a drain, and further comprising an electrical interconnection between
the second control terminal of the control transistor and the drain of the EPROM

transistor.

3. An EPROM cell in accordance with claim 4, wherein the electrical
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polysilicon layer; an EPROM transistor, having a floating gate
conprising a second portion of the polysilicon |ayer physically
isolated fromthe first portion of the polysilicon |ayer; and an

el ectrical interconnection, conprising a portion of the conductive

| ayer, interconnecting the floati ng gate of the control transistor
and the floating gate of the EPROMtransistor. 2. An EPROM cell in
accordance w.th ein the.c tro si stor ris a
first con nterfo%ngé:t%ﬂnna WS%n\é%éa 38%‘#180% ?Ig}mfilec?fﬁlgﬁﬂ’mr%}nﬂanﬁgf ﬁ the
conpri si ngrairedf th EPROM fthnsistdrebapringelreastaket ween the first and
second control termnals. 3. An EPROM cell in accordance with claim
2, wherein the electrical interconnection between the first and
second cont rol gt er M RPROAPERN ISR Sorak @SRt ARGL1, herd HERBABIGELList
accordance with claim1, wherein the control transistor conprises a
first conWr@ﬂmS@eranﬁrﬁélcoatﬁ@li termiebrdd contaootl coefral feainjnahnahdt e EPROM
transisto ri d further. conpti

1t or connaa bR s EERe el g (BhitRbinh ARl A BRofy ERR e
t ransi st otheafrdt th sekfoad ncoatrol FemERROM tHer adifito$ t@hsistdr aAd (EPREM o€lthe
in accor dgﬁggw th.claim4, wherein the electrical 26

i nt erconn UERsisiden the second control term nal of the control
transistor and the drain of the EPROM transi stor conprises a
resistance. 6. An EPROM cell in accordance with claim11, wherein the
control transistor AedaiPNesclh injacserdamnst wih Qléirrmfinad’heaﬁim the sdestrivdl
control tﬁﬁ&%&ﬁgcuﬁ%t&% tgg I%%YI anil' <3 S'dséo% rof%ﬁp REE tﬁe 2O@kdl e s1§jt T
further conprisin Fical i nterconnect ion bet ween fie TS

and seconahdxhatiram ofite¢ EPRAM tradsiddréndodds matsidtirmasi stor and the drain
of the EPROMtransistor. 7. An EPROM cell in accordance with claim
6, wherein the electrical interconnection between the first and
second controlgter MAHEPRON ddNCint tbfdahed msmhprl meféﬁ errslgramﬁmog
the EPROM transi stor includes a resistance. 8.

accor dancehajge appligdionihe flogtes gat Oﬁﬂﬁrﬁi’gﬁ%ﬁﬁmls’ﬁ% h‘aﬁﬂg@ﬂ@tp@l iﬂ@h thfﬁ thhe
floating t ROV, I C uch that the
EPROM cel Fﬁ%g%\{?%él Jsaﬁc?gesm \?ﬁe‘lregnaﬁgéeaé%ht%f)eés& rlée}wg\lg/rgrlﬁl Szm ve val ues. 9.
An EPROM cel|l in accordance with claim11l, wherein the control

transi stor

9. An EPROM cell in accordance with claim 1, wherein the control transistor
includes a drain connection, and the EPROM transistor includes a source connection, and
further comprising an input line, connected to the drain connection of the control

transistor, whereby programming signals can be provided to the EPROM transistor.

10.  An EPROM cell in accordance with claim 9, further comprising a drive
transistor, having a drain connected to the source of the EPROM transistor, a gate of the
drive transistor being associated with a precharge line, a select line, and a data line of an
array of firing cells, whereby programming and reading of the EPROM cell can be
controlled by signals sent through the input line and through the precharge line, the select

line, and the data line.

11. An EPROM cell in accordance with claim 1, wherein the EPROM cell

comprises a pen identification memory element.
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i ncludes a drain connection, and the EPROM transi stor includes a
source connection, and further conprising an input |line, connected
to the drain connection of the control transistor, whereby
programm ng signals can be provided to the EPROM transi stor. 10. An
EPROM cel |l in accordance with claim9, further conprising a drive
transi stor, having a drain connected to the source of the EPROM
transistor, a gate of the drive transistor being associated with a
precharge line, a select line, and a data line of an array of firing
cel I's, wher ebylpr ogAaink jegpraiiictad dadingg phiralithe MRREYogkd, c@ﬁﬁn@@g
control I ed by si | s, sent throu%h t he input I ne and through the
precharge |ine? Pgﬂ eadh Pl ek hayigg apt‘f"éraél'a‘i Wﬁ%@nsﬂnﬁ%e@%wml

cel | in aggefidangehdVnk fetGlosifg, the aMﬂ%leéxfbuhhﬁvﬁga%&%hhuct&%%fa%@%n@

pen identification rrermry el ement . An ink jet printhead having
a pluraliend erlyiene pdysihennzlager, dl@mﬁpdlabpwg theasybsirate.nawlda conductve layer

circuit, ng]}(dst;@%gwﬁﬁﬂe{@ys(ﬂﬁcofnll@segg‘}“ﬁel I's configured to control

actuati on nozzl e control circuit having a
sem conduct or subsiy af EPROM celandismntd oonke pidsysie lih ¢ows by esluding pasted

above the nd a conductive |ayer disposed above the
pol ysil i cgﬁﬂgﬁ/‘é‘g{lngﬁ@nﬁn array of EPROM cells di sposed on the

substrate in rows anghneel HMEoreRiihe FRFRMMCAL co&ﬁwlsﬁaglawas@&mcsfqhe

transistor, having a floating gate conprising a first "portion of the
pol ysilicon | apadysilieon l&PROM transi stor, having a floating gate

conprising a second, E@lflibgfr]ttmn% stotrhﬁatvﬁ[g ¥ ﬁi)!ltln(‘go%[%té c@ﬁ%{rls& ysée%g di %ortlon

isolated fromthe fi con

el ectrical i ntcﬁ’rth@paﬂgnhcqmayercphpmeéllyngalaed)froinltbmﬁfsi pdnhen Of)ﬂhdllmlytsi\heon
| ayer, interconnecti ng the floating gate of the control transistor
and the floati A g#% of the EPROM transistor. 13. An ink jet

printhead in accor Cﬁx@&tﬂﬂa’l ht&t@nebtion, ?&ﬁs%g"'a b&r8ok ONMhE @bnductive layer,
transi stor of each EPROM cell includes a first control termnal, and

further conpri @tfwna?ptmg rbriflogtingegatecefrihe spwien] tigngisier and- e floating gite of

term nal of thg.e8RNekahd; i stor, whereby progranm ng signals can
be provided to ?ﬁe EPROM t1$§f13| stor. 14. An ink jet printhead in

accordance with claim 13, wherein the EPROM
13.  An ink jet printhead in accordance with claim 12, wherein the control
transistor of each EPROM cell includes a first control terminal, and further comprising an
input line, connected to the first control terminal of the control transistor, whereby

programming signals can be provided to the EPROM transistor.

14.  An ink jet printhead in accordance with claim 13, wherein the EPROM
transistor includes a source connection, and the control circuit further comprises a
column control transistor having a drain, associated with each column, and a row control
transistors associated with each EPROM cell, each row control transistor having

a drain, connected to the source connection of the EPROM transistor,

a source, connected to the drain of the column control transistor in the column of

the respective row control transistor, and
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transi stor includes a source connection, and the control circuit
further conprises a colum control transistor having a drain,

associ ated with each colum, and a row control transistors
associated with each EPROM cell, each row control transistor having a
drain, connected to the source connection of the EPROM transi stor, a
source, connected to the drain of the colum control transistor in

the colum of the res ive row control .transi stor,.and .28 a ,
connected to a®fd @%gﬁ%ﬁtc’ﬁrﬁg C%Haﬂé% Vz?ﬁ‘?ﬁr%m%nfléﬁadlﬂﬁg&ldﬁ
the EPRONPREM Seclsddanhie canbnal bedighyls séd ﬁ&loﬁgliﬁ et robvnERUMBNtrh B4 Whd
control transistors and the colum control transistor. 15. An ink

jet printResalmmp coabel s i th clai m 12, wherein the control

transi stor conprises a first control termnal and a second control
termnal, and the EPROMtransistor conprises a drain, and further
conprising an &l.ectAngak jé¢tnretlcedne cecodancheviieehimt 12, edstein we afntibhe
first and,_second control ont r ol i stor and

i | f. h
brarn o rRSREcesRRisEn e BRE PR ekl o O espid, RS Sirheard dhee

wi th cl ai BEPROM wheistiritotpeis@lethihl Sl furthdHcempERNE 6h ERBBAtINERBnRtion
| east two of the first and second control ternminals of the control
transi st oPetHAN #theashvvg of the firshandsrend ¢anirl fesnialsioh ghe geatyolgransistor and

resi st ancge dlafn of e B dNEtraRGiicpt head in accordance with claim 12,
wherein a programmng charge applied to the floating gate is

cumul ative, such that each EPROM cell can be independently

successi vel y ofiar deg, Lg, B QLENEHT ALIVEMALNES T ARLLDERCAS i

control circuit for ani

conpri si Nteréomibdtivui Berdtdnuat e tvachildhe rfgsex:abbécysn@ RentRs| tshihals @l the

| ayer, r’%{t fl ng.an array of firing cells, configured to control
act uati on® f5RISjstar an e dsainjof the EPROM; teapsisior pckndes areaisigness| yral ity
of pen identification nmenory el enents, each pen identification nmenory
el ement conprising an EPROM cel |, i ncl udi ng a control transistor

havi ng a fl oat g g&meﬂﬁemmﬂsqadgn acchidagee woh clagn 18§ whivein awbgrembiimmn

| ayer, 8} ?%:n%': Iﬁg}ﬂ (%] tl?enﬁ 2 n% atepasv{: q‘f‘i’ulghf lf %@éhf {i]g aac‘:rl'neElgfg(?lgf %erﬁf %%e e

second pofr e po YSIl FLoR ayer, I ng gate
EPROM t r aindessndentlyasuagssiedl e cligrgaiab sypreatmpligivetvaldebe fl oati ng gate of
the control transistor.
18. A printhead control circuit for an inkjet printer having a plurality of pens,
comprising:
a circuit structure including exactly one polysilicon layer, comprising an array of
firing cells, configured to control actuation of ink jet nozzles in the inkjet printer, and a
plurality of pen identification memory elements, each pen identification memory element
comprising an EPROM cell, including
a control transistor having a floating gate comprising a first portion of the
polysilicon layer, and
an EPROM transistor, having a floating gate comprising a second portion
of the polysilicon layer, the floating gate of the EPROM transistor being

electrically coupled to the floating gate of the control transistor.
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29 19. A printhead control circuit in accordance with claim 18,
wherein the control transistor conprises a first control term na
and a second control termnal, and the EPROMtransistor conprises a
drain, and further conprising an electrical interconnection between
at least two of the first and second control termnals of the control
transi stor and the drain of the EPROM transi stor. 20. A printhead
contr ol CIrCUI ceor. h. cl.al. m 18, .wher ei.n

._progr.anmmn
charge appl i ed %o t AP |‘f9&w8gf]é°18 1 BECHESBER '} haﬁ@flgt qﬂ?mm e
cunul at i veontrobttgitistdiabonpaisds FHRQAINE6] derbinhl 2 al RERRRERAN tbiv¥ninal, and the
succe55|velﬁ charged to store _cumul ative val ues. 30
EPROM transistor comprises a drain, and further comprising an electrical interconnection
between at least two of the first and second control terminals of the control transistor and

the drain of the EPROM transistor.

20. A printhead control circuit in accordance with claim 18, wherein a
programming charge applied to the floating gate of the EPROM transistor is cumulative,
such that each EPROM cell can be independently successively charged to store

cumulative values.
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