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provide higher ejection rates, the ejection heads, which are the primary components of
10  micro-fluid devices, continue to evolve and become more complex. As the complexity
of the ejection heads increases, so does the cost for producing ejection heads.
Nevertheless, there continues to be a need for micro-fluid ejection devices having
enhanced capabilities including increased quality and higher throughput rates.
Competitive pressure on print quality and price promote a continued need to produce

15 ejection heads with enhanced capabilities in a more economical manner.

SUMMARY OF THE INVENTION
With regard to the foregoing and other objects and advantages there is provided
a semiconductér substrate for a micro-fluid ejection head. The substrate includes a
20  plurality of fluid ejection actuators disposed on the substrate, Each of the fluid ejection
actuators includes a thin heater stack comprising a thin film heater and one or more
protective layers adjacent the heater. The thin film heater is made of a tantalum-
aluminum-nitride thin film material having a nano-crystalline structure consisting
essentially of AIN, TaN, and TaAl alloys, and has a sheet resistance ranging from about
25 30 to about 100 ohms per square. The thin film material contains from about 30 to
about 70 atomic% tantalum, from about 10 to about 40 atomic% aluminum and from
about 5 to about 30 atomic% nitrogen.
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substrate to a temperature ranging from above about room temperature to about 350°C.
A tantalum aluminum alloy target containing from about 50 to about 60 atomic %
tantalum and from about 40 to about 50 atomic % aluminum is reactive sputtered onto
the substrate. During the sputtering step, a flow of nitrogen gas and a flow of argon gas

20  are provided wherein a flow rate ratio of nitrogen to argon ranges from about 0.1:1 to
about 0.4:1. The sputtering step is terminated when the thin film resistor is deposited on
the substrate with a thickness ranging from about 300 to about 3000 Angstroms. The
thin film resistor is a TaAIN alloy containing from about 30 to about 70 atomic%
tantalum, from about 10 to about 40 atomic% aluminum and from about 5 to about 30

25  atomic% nitrogen, and has a substantially uniform sheet resistance with respect to the
substrate.

An advantage of certain embodiments of the invention can include providing
improved micro-fluid ejection heads having thermal ejection heaters which require
lower operating currents and can be operated at substantially higher frequencies while

30 maintaining relatively constant resistances over the life of the heaters. The ejection
heaters also have an increased resistance which can enable the resistors to be driven
with smaller drive transistors, thereby potentially reducing the substrate area required

for active devices to drive the heaters, A reduction in the area required for active
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15 Fig. 2 is a perspective view of an ink jet printer and ink cartridge containing a

micro-fluid ejection head according to one embodiment of the invention;
Fig. 3 is a cross-sectional view, not to scale of a portion of a micro-fluid ejection
head according to one embodiment of the invention;
Fig. 4 is a plan view not to scale of a typical layout on a substrate for a micro-
20  fluid ejection head according to one embodiment of the invention;
Fig. 5 is a cross-sectional view of a heater stack area of a micro-fluid ejection
head according to one embodiment of the invention; and
Fig. 6 is a plan view, nof to scale of a portion of an active area of a micro-fluid
ejection head according to one embodiment of the invention.
25
DETAILED DESCRIPTION OF THE INVENTION
With reference to Fig. 1, a fluid cartridge 10 for a micro-fluid ejection device is
illustrated. The cartridge 10 includes a cartridge body 12 for supplying a fluid to a fluid
ejection head 14. The fluid may be contained in a storage area in the cartridge body 12
30  ormay be supplied from a remote source to the cartridge body.
The fluid ejection head 14 includes a semiconductor subsirate 16 and a nozzle
plate 18 containing nozzle holes 20. In one embodiment of the present invention, it is

preferred that the cartridge be removably attached to a micro-fluid ejection device such



Fig. 6 is a plan view, not to scale of a portion of an active area of a
mcro-fluid ejection head according to one enbodi nent of the invention. 25
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15 by adhesive layer 38. As'depicted in J,Fig. 3, the flow features including the fluid

chamber 32 and fluid channel 36 can be formed in the nozzle plate 18. However, the -

flow features may be provided in a separate thick film layer, and a nozzle plate
containing only nozzle holes may be attached to the thick film layer. In an exemplary
embodiment, the fluid ejection head 14 is a thermal or piezoelectric ink jet printhead.
20  However, the invention is not intended to be limited to ink jet printheads as other fluids,
other than ink, may be ejected with a micro-fluid ejection device according to the
invention.
Referring again to Fig, 2, the fluid ejection device can be an ink jet printer 22.
The printer 22 includes a carriage 40 for holding one or more cartridges 10 and for
25 moving the cartridges 10 over a media 42 such as paper depositing a fluid from the
cartridges 10 on the media 42. As set forth above, the contacts 24 on the cartridge mate
with contacts on the carriage 40 for providing electrical connection between the printer
22 and the cartridge 10. Microcontrollers in the printer 22 control the movement of the
carriage 40 across the media 42 and convert analog and/or digital inputs from an
30 external device such as a computer for controlling the operation of the printer 22.
Ejection of fluid from the fluid ejection head 14 is controlled by a logic circuit on the
fluid gjection head 14 in conjunction with the controller in the printer 22.



flow features may be provided in a separate thick filmlayer, and a nozzle
plate containing only nozzle holes may be attached to the thick filmlayer.

In an exe r odinment, the fluid ejection head 14 § or
¥R} otingsS L bErDsioBORITRy

pi ezoel ec t printhead. 20 However, the invention Is not Intended
to belimted to ink jet printheads as other fluids, other than ink, my be

ejected with a mcro-fluid ejectigon_device agcording,to the. inventyon.
Ref erring agai nAtRIatEyigw, pot tPI%ﬁ?P ?g“’gj Péiqtlpgﬁle{é& b’%hegﬂ ‘%E‘%ﬁ' ﬁﬁ‘ﬁtq“é‘f
printer 22, . I+t | et ' f b ng nor e
cartri dgesejiﬁygﬁld&?c}?' ]E'g mdvﬁ%é%qgc@g?ﬁ?’r&%}ggg a%gacl)%%%lg? ériregl g%egﬁoch as
paper depothetsubgrate 1 6uiAlldyootof devicecareasi afghe séfliconducher substrate 44 .is slwowret

f th ab , i t t 24 . h trid t. ith t th

carri age. 40ROV FETBIECIOGHRTS 08 WEE SHTREY i dEes BRFERS 4 AP SR and

the cargridagy so.MA%rsB&?ﬁﬁﬁgg.ﬁr z'fﬁbsft%’é‘e Y inkh@ks £ 4nERMAB4 bPfr nt of
e di a an

the carriage across convert anal og and/or digita
i nput s f r oftuidrsudd ae itketorthé helteti resistorscI that are disppsedeon bath sides of dielslotd4t he

741 & cont Haweuts, B avembignds eoutibied Grk Sharets L& baviay e vl SoASh G T "o
conj unct i O?jg%q%%&ﬁﬁo&%ﬁéﬁ 84 h@e{ter'r@?i B8 éliFﬁecE(E)? 81(31 -b?ﬁ:uMé%g 34 For

PCT1US2005 pl'an view, not to sca Id e ection head 14 is
shown i n Fexample, dther bibstrdtesjaecdriing tbethel intvention imeyemchids amultiptedsiotsowith

substrate 16, and a nozzle plate 18 attached t t substrate 16. A | ayout
01l‘J devffie Huidagegtion; @%@mp S AR Y 9539%1&81@11 tﬁ% Sﬁ%mﬁﬁe rbstrats may g
I . i . ) . .
hoat or 5 286 8bt AEfugk Slote 98 afhefdly Hid Bw Sronll e ekl BB SHRC Y 10 e
si ngl e sl ohctiatofsor Raktey itham@ sifiglaistotsid; thasubstiatd d6tiey lincltde rmdtéples ors 30

that are dispgsed on both sides of the slot 34. _However thg i nvention i s
not |i it cEPIIENSE. SBGERGAOE ONG OF MPFaCtHALRY dRyiicess The noazls plate 18, g as 8 ct i on

actuators Qﬁ(a&% S1Qr 115 ' he sl ot 34.
For exarrpfdéggg?%ér su étﬁgﬁgtgﬁgc%g}?% Igdémagﬁséﬁl{hﬁgg&r\{&l %%g'ﬂn%'gg t|fenlt(:6f ude
mul tipl® slots Wn fictike dreaiidl ofj the sulsstratec 1 61 aéquired dos flesddvenrtransistops 464t h

si des of t slots. .The substrate y also not,include slots 34, whereby
fluid fl omgﬁlé%faﬁén defail iy Blan siew pbibg agiive ApRAR 5 Kig. 3.nEbis figime represents &

portion of a typical heater array and active area 48. A ground bus 50 and a power bus

52 are provided to provide power to the devices in the active area 46 and to the heater
resistors 30.

20 In order to reduce the size of the substrate 16 required for the micro-fluid
ejection head 14, the driver transistor 46 active area width indicated by (W) is reduced.
In an exemplary embodiment, the active area 48 of the substrate 16 has a width
dimension W ranging from about 100 to about 400 microns and an overall length
dimension D ranging from about 6,300 microns to about 26,000 microns. The driver

25  transistors 46 are provided at a pitch P ranging from about 10 microns to about 84
microns.

In one exemplary embodiment, the area of a single driver transistor 46 in the
semiconductor substrate 16 has an active area width (W) ranging from about 100 to less
than about 400 microns, and an active area of, for example, less than about 15,000 pm?,

30  The smaller active area 46 can be achieved by use of driver transistors 46 having gates
lengths and channel lengths ranging from about 0.8 to less than about 3 microns.

However, the resistance of the driver transistor 46 is proportional to its width W.

The use of smaller driver transistors 46 increases the resistance of the driver transistor
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efficiency Ve’ltﬂout a protective layer, for example TiW, in the contact area, the thin film TaN is

insufficient to prevent diffusion between aluminum deposited as the contact metal and

the underlying silicon substrate.
An exemplary heater, according to one embodiment of the invention, is a thin
20  film heater 30 made of an alloy of tantalum, aluminum, and nitrogen. In contrast to the
thin film TaN heater described above, a thin film heater 30 made according to such an
embodiment of the invention can also provide a suitable barrier layer in an adjacent
transistor contact area without the use of an intermediate barrier layer between the
aluminum contact and silicon substrate, as well as provide a higher resistance heater 30.
25 The thin film heater 30 can be provided by sputtering a tantalum/aluminum
alloy target onto a substrate 16 in the presence of nitrogen and argon gas. In one
embodiment, the tantalum/aluminum alloy target preferably has a composition ranging
from about 50 to about 60 atomic percent tantalum and from about 40 to about 50
atomic percent aluminum. In an exemplary embodiment, the resulting thin film heater
30 30 preferably has a composition ranging from about 30 to about 70 atomic percent
tantalum, more preferably from about 50 to about 60 atomic percent tantalum, from
about 10 to about 40 atomic percent aluminum, more preferably from about 20 to about

30 atomic percent aluminum, and from about 5 to about 30 atomic percent nitrogen,
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sheet resistance over the surface area of the substrate 16 ranging from about 10 o about
5 100 ohms per square. The sheet resistance of the thin film heater 30 has a standard
deviation over the entire substrate surface of less than about 2 percent, preferably less
than about 1.5 percent. Such a uniform resistivity significantly improves the quality of
ejection heads 14 containing the heaters 30. The heaters 30 made according to the
foregoing process can tolerate high temperature stress up to about 800°C with a

10  resistance change of less than about 5 percent. The heaters 30 made according to such
an embodiment of the invention can also tolerate high current stress. Also, unlike
TaAlIN resistors made by sputtering bulk tantalum and aluminum targets on room
temperature substrates, such as described in U.S. Patent No. 4,042,479 to Yamazaki et
al., the thin film heaters 30 made according to such an embodiment of the invention may

15 be characterized as having a substantially mono-crystalline structure consisting
essentially of AIN, TaN, and TaAl alloys. By using TaAIN as the material for the heater
resistor 30, the layer providing the heater resistor 30 may be extended to provide a metal
barrier for contacts to adjacent transistor devices and may also be used as a fuse material
on the substrate 16 for memory devices and other applications.

20 A more detailed illustration of a portion of an ejection head 14 showing an
exemplary heater stack 54 including a heater 30 made according to the above described
process is illustrated in Fig. 6. The heater stack 54 is provided on an insulated substrate
16. First layer 56 is the thin film resistor layer made of TaAIN which is deposited on
the substrate 16 according to the process described above.

25 After depositing the thin film resistive layer 56, a conductive layer 58 made of a
conductive metal such as gold, aluminum, copper, and the like is deposited on the thin
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about 600 Angstroms.
After depositing the adhesion layer 62, in the case of the use of diamond like
carbon as layer 60, a cavitation layer 64 can be deposited and etched to cover the heater
20  resistor 30. An exemplary cavitation layer 64 is tantalum having a thickness ranging
from about from about 1000 to about 6000 Angstroms.
It is desirable to keep the passivation or dielectric layer 60, optional adhesion
layer 62, and cavitation layer 64 as thin as possible yet provide suitable protection for
the heater resistor 30 from the corrosive and mechanical damage effects of the fluid
25  being ejected. Thin layers 60, 62, and 64 can reduce the overall thickness dimension of
the heater stack 54 and provide reduced power requirements and increased efficiency for
the heater resistor 30.
Once the cavitation layer 64 is deposited, this layer 64 and the underlying layer
or layers 60 and 62 may be patterned and etched to provide protection of the heater
30  resistor 30. A second dielectric layer made of silicon dioxide can then be deposited over
the heater stack 54 and other surfaces of the substrate to provide insulation between
subsequent metal layers that are deposited on the substrate for contact to the heater

drivers and other devices.
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and catho @%‘bacts to the 5 resistive layer 56 and to define the
heat er resi stor her ebet ween the anode and cat hode 53K APRFOI8180]
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from about 300 to about 600 Angstronms. After depositing the adhesion |ayer
62, in the case of the use of dianond |ike carbon as |layer 60, a cavitation
| ayer 64 can be deposited and etched to cover the heater 20 resistor 30. An
exenplary cavitation |ayer 64 is tantalum having a thickness ranging from
about from about 1000 to about 6000 Angstrons. It is desirable to keep the
passivation or dielectric |ayer 60, optional adhesion |ayer 62, and
cavitation layer 64 as thin as possible yet provide suitable protection for
the heater resistor 30 fromthe corrosive and nechani cal damage effects of
the fluid 25 being ejected. Thin layers 60, 62, and 64 can reduce the
overall thickness dinmension of the heater stack 54 and provide reduced
power requirenents and increased efficiency for the heater resistor 30.
Once the cavitation layer 64 is deposited, this |layer 64 and the underlying
| ayer or layers 60 and 62 may be patterned and etched to provide protection
of the heater 30 resistor 30. A second dielectric |ayer made of silicon

di oxi de can then be deposited over the heater stack 54 and ot her surfaces of
the substrate to provide insulation between
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subsequent netal |ayers that are deposited on the substrate for contact to
the heater drivers and other devices. 9 WO 2005/ 069947 PCT/ US2005/ 001809
It is contenplated, and will be apparent to those skilled in the art from

t he precedi ng description and the acconpanyi ng drawi ngs, that nodifications
and changes may be nmade in the enbodi nents of the invention. Accordingly,
it is expressly intended that the foregoing description and the
acconpanyi ng drawings are illustrative of 5 exenplary enbodi nents only, not
limting thereto, and that the true spirit and scope of the present

i nventi on @eAMBer ni ned by reference to the appended clains. 10 CLAIMS 1. A
substrate for a mcro-fluid ejection head, the substrate conprising a
plurality of fluid ejection actuators di sposed on the substrate, each of

t he fluid lej ectA aibstaté frataanisro-flmidlejedtioghead the mH%ﬁaﬁ:ebmpﬁsingaq)hlmw sfng a

thin filmheater, and one rotective er dj acent the heater,
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essentially of AIN, TaN, and Ta and the thin filmmaterial having

a sheet raersadavent thahg!tﬂrgWhﬂ@mtbﬂ)@ut *Y Igohaatst mmpr&@bm%ﬂ'nmtab@r square, and

contai ni ng,fr.om bo 70 atom ¢ 0/ anta fromabout 10 to
Chour 40 HishiREnRR i B S baykoe ShEE- Dy T, SRR E 0 i 1 ogen.
2. The subsichfidly SITAIBI, TuN) dndviheAlalibys, el the iin filh Make Rl Bivigageeses a thin

filmlayer _nmade by a process of reactive sputtering a tantal umal um num
alloy tar g@%lstmeaanmgrlggnﬁbO%éﬁtt%abﬂuhéﬂ%?%%mﬁéﬂ@r%ﬁn«&C@ﬁﬁgtngafm heated to a
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claim2 wherein at east one protective |layers conprises

di anond- | iaké fioar dbont Frat abousd atdmxc‘l%mm@ﬁt rate of claim 3 wherei n t he

di anond-1i ke-carbon | ayer has a thickness ranging from about 1000 to about
8000 Angstrons.

2. The substrate of claim 1 wherein the thin film heater comprises a thin film layer
made by a process of reactive sputtering a tantalum-aluminum alloy target in a nitrogen
containing atmosphere on a substrate heated to a temperature ranging from about 100° to
about 350° C.

3. The substrate of claim 2 wherein at least one of the protective layers comprises a

diamond-like-carbon material.

4, The substrate of claim 3 wherein the diamond-like-carbon layer has a thickness

ranging from about 1000 to about 8000 Angstroms.

5. The substrate of claim 2 wherein the thin film heater has a thickness ranging from
about 300 to about 3000 Angstroms.

6. The substrate of claim 3 further comprising a cavitation layer as an ink contact
surface, wherein the cavitation layer has a thickness ranging from about 1000 to about
6000 Angstroms.

7. The substrate of claim 6 further comprising an adhesion layer disposed between

11



5. The substrate of claim2 wherein the thin filmheater has a thickness
ranging from about 300 to about 3000 Angstrons. 6. The substrate of claim3
further conprising a cavitation |ayer as an ink contact surface, wherein
the cavitation |ayer has a thickness ranging fromabout 1000 to about 6000
Angstrons. 7. The substrate of claim®6 further conprising an adhesion | ayer
di sposed between 11 the cavitation |layer and the dianond-I|ike-carbon | ayer,
t he adhesion |l ayer having a thickness ranging from about 400 to about 600

Angstrons. 8. The substrate of claim 7 wherein the adhesion |ayer is
conpri sed the caxitatiamdnyeaiand thsl diarnend-lilveerarteoinl laxes therrdhepige layathavang @l um ni tri de.

9. The suhstyate of. cl.aim.1 he rising a plurality of drive
transi st OB}ZHC o7° raﬂg‘ingiﬁf?&’ ?11%1{ %ﬁ%&oﬁ?@mf&nﬂ’tﬁ%'ej ection actuators, the

drive transistors having an active area w dth ranging fromabout 100 to
| ess than about 400 mcraons, 10. An ink jet printer containing the substrate
of claimB 11 Thegebstrate of glaim /jwhegsin 8o adhesion layerahearanmised aba material 1 | ui d

ej ection Q@‘%E'S‘S?’Bg‘?ﬂt nniff*?{f?rﬁgﬁﬁmmﬂ%thi n filmheaters rangi ng from

about 6 to a [ eaters per square mllineter. 12

9. The substrate of claim 1 further comprising a plurality of drive transistors for
driving the plurality of fluid ejection actuators, the drive transistors having an active area

width ranging from about 100 to less than about 400 microns.
10.  An ink jet printer containing the substrate of claim 1.
11, The ink jet printer of claim 10 wherein the micro-fluid ejection head contains a

high density of thin film heaters ranging from about 6 to about 20 thin film heaters per

square millimeter.
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