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(57) ABSTRACT 

This invention relates to a micro-electromechanical noZZle 
arrangement for an inkj et printhead. The arrangement 
includes a substrate de?ning an inverted pyramidal ink cham 
ber With a vertex thereof terminating at an ink supply channel 
through the substrate. The substrate includes a layer of drive 
circuitry. The arrangement also includes a roof structure con 
nected to the drive circuitry layer and covering the ink cham 
ber, the roof structure de?ning a ?uid ejection noZZle rim 
above said chamber. Also included is a plurality of actuators 
radially spaced about, and displaceable With respect to, the 
noZZle rim, each actuator having a serpentine heater element 
con?gured to thermally expand upon receiving current from 
the drive circuitry thereby moving said actuators into the 
chamber and operatively increasing a ?uid pressure inside the 
chamber to eject a drop of ink via the ejection noZZle. 
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MICRO-ELECTROMECHANICAL NOZZLE 
ARRANGEMENT WITH PYRAMIDAL INK 
CHAMBER FOR AN INKJ ET PRINTHEAD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a Continuation of US. 
application Ser. No. 11/442,161 ?led on May 30, 2006, Which 
is a Continuation of US. application Ser. No. 11/202,342 
?led onAug. 12, 2005, noW issued as US. Pat. No. 7,104,631, 
Which is a Continuation of US. application Ser. No. 10/728, 
886 ?led Dec. 8, 2003, noW issued as US. Pat. No. 6,979,075, 
Which is a Continuation of US. application Ser. No. 10/303, 
291 ?led on Nov. 23, 2002, noW issued as US. Pat. No. 
6,672,708, Which is a Continuation of Ser. No. 09/855,093, 
?led May 14, 2001, noW issued as US. Pat. No. 6,505,912, 
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herein incorporated by reference. 
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STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0003] Not applicable. 

FIELD OF THE INVENTION 

[0004] The present invention relates to the ?eld of inkjet 
printing and, in particular, discloses an inverted radial back 
curling thermoelastic ink jet printing mechanism. 

BACKGROUND OF THE INVENTION 

[0005] Many different types of printing mechanisms have 
been invented, a large number of which are presently in use. 
The known forms of printers have a variety of methods for 
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marking the print media with a relevant marking media. Com 
monly used forms of printing include offset printing, laser 
printing and copying devices, dot matrix type impact printers, 
thermal paper printers, ?lm recorders, thermal wax printers, 
dye sublimation printers and ink jet printers both of the drop 
on demand and continuous ?ow type. Each type of printer has 
its own advantages and problems when considering cost, 
speed, quality, reliability, simplicity of construction and 
operation etc. 
[0006] In recent years the ?eld of ink jet printing, wherein 
each individual pixel of ink is derived from one or more ink 
nozzles, has become increasingly popular primarily due to its 
inexpensive and versatile nature. 
[0007] Many different techniques of ink jet printing have 
been invented. For a survey of the ?eld, reference is made to 
an article by J Moore, “Non-Impact Printing: Introduction 
and Historical Perspective”, Output Hard Copy Devices, Edi 
tors R Dubeck and S Sherr, pages 207-220 (1988). 
[0008] Ink Jet printers themselves come in many different 
forms. The utilization of a continuous stream of ink in ink jet 
printing appears to date back to at least 1929 wherein US. 
Pat. No. 1,941,001 by Hansell discloses a simple form of 
continuous stream electro-static ink jet printing. 
[0009] US. Pat. No. 3,596,275 by Sweet also discloses a 
process of a continuous ink jet printing including a step 
wherein the ink jet stream is modulated by a high frequency 
electro-static ?eld so as to cause drop separation. This tech 
nique is still utilized by several manufacturers including Elm 
jet and Scitex (see also US. Pat. No. 3,373,437 by Sweet et 
al). 
[0010] Piezoelectric ink jet printers are also one form of 
commonly utilized ink jet printing device. Piezoelectric sys 
tems are disclosed by Kyser et. al. in US. Pat. No. 3,946,398 
(1970) which utilizes a diaphragm mode of operation, by 
Zolten in US. Pat. No. 3,683,212 (1970) which discloses a 
squeeze mode form of operation of a piezoelectric crystal, 
Stemme in US. Pat. No. 3,747,120 (1972) which discloses a 
bend mode of piezoelectric operation, Howkins in US. Pat. 
No. 4,459,601 which discloses a piezoelectric push mode 
actuation of the ink jet stream and Fischbeck in US. Pat. No. 
4,584,590 which discloses a shear mode type of piezoelectric 
transducer element. 
[0011] Recently, thermal ink jet printing has become an 
extremely popular form of ink j et printing. The ink jet printing 
techniques include those disclosed by Endo et al in GB 
2007162 (1979) and Vaught et al in US. Pat. No. 4,490,728. 
Both the aforementioned references disclose ink jet printing 
techniques which rely on the activation of an electrothermal 
actuator which results in the creation of a bubble in a con 
stricted space, such as a nozzle, which thereby causes the 
ejection of ink from an aperture connected to the con?ned 
space onto a relevant print media. Printing devices utilizing 
the electro-thermal actuator are manufactured by manufac 
turers such as Canon and Hewlett Packard. 
[0012] As can be seen from the foregoing, many different 
types of printing technologies are available. Ideally, a printing 
technology should have a number of desirable attributes. 
These include inexpensive construction and operation, high 
speed operation, safe and continuous long term operation etc. 
Each technology may have its own advantages and disadvan 
tages in the areas of cost, speed, quality, reliability, power 
usage, simplicity of construction and operation, durability 
and consumables. 

SUMMARY OF THE INVENTION 

[0013] According to a ?rst aspect of the invention, there is 
provided a micro -electromechanical ?uid ejection device that 
comprises 
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[0014] a substrate that de?nes a plurality of ?uid supply 
channels and a plurality of chambers in ?uid communication 
With respective ?uid supply channels; 
[0015] a drive circuitry layer that is positioned on the sub 
strate; 
[0016] a plurality of roof structures that are connected to 
the drive circuitry layer to cover respective ?uid chambers, 
each roof structure de?ning a ?uid ejection port; and 
[0017] a plurality of actuators that are connected to the 
drive circuitry layer and are operatively positioned at respec 
tive chambers to eject ?uid from the ?uid ejection ports on 
receipt of an electrical signal from the drive circuitry layer, 
Wherein 
[0018] the substrate de?nes chamber Walls that diverge 
from respective ink inlet channels to respective roof struc 
tures. 

[0019] The chamber Walls of each ?uid chamber may be 
shaped and oriented to de?ne a four- sided pyramidal structure 
With an apex that terminates at the respective inlet channel. 
[0020] The substrate may be a silicon substrate and each 
chamber may be the product of a crystallographic etch carried 
out on the silicon substrate. 

[0021] At least one of the actuators may be operatively 
positioned in each roof structure. Each actuator may be elec 
trically connected to the drive circuitry layer to be displace 
able into and out of its respective chamber, on receipt of said 
electrical signal, to eject a drop of ?uid from the ?uid ejection 
port. 
[0022] A number of actuators may be positioned in each 
roof structure about the ink ejection port. 
[0023] Each actuator may include an actuator arm that is 
connected to the drive circuitry layer and extends toWards the 
?uid ejection port. A heating circuit may be embedded in the 
actuator arm to receive the electrical signal from the drive 
circuitry layer. The actuator arm may be of a material that has 
a coef?cient of thermal expansion su?icient to permit the 
material to perform Work as a result of thermal expansion and 
contraction, the heating circuit being positioned so that the 
actuator arm is subjected to differential thermal expansion 
and contraction to displace the actuator arm toWards and aWay 
from the respective ?uid supply channel. 
[0024] Each actuator arm may be of polytetra?uoroethyl 
ene While each heating circuit may be of one of the materials 
in a group including gold and copper. 
[0025] Each actuator arm may include an actuating portion 
that is connected to the drive circuitry layer and a ?uid dis 
placement member that is positioned on the actuating portion 
to extend toWards the ?uid ejection port. 
[0026] Each roof structure may include a rim that de?nes 
the ?uid ejection port, the rim being supported above the 
respective ?uid inlet channel With support arms that extend 
from the rim to the drive circuitry layer. The actuator arms 
may be interposed betWeen consecutive support arms. 
[0027] The drive circuitry layer may be a CMOS layer. 
[0028] According to a second aspect of the invention, there 
is provided a noZZle arrangement for an ink jet printhead, the 
arrangement comprising: a noZZle chamber de?ned in a Wafer 
substrate for the storage of ink to be ejected; an ink ejection 
port having a rim formed on one Wall of the chamber; and a 
series of actuators attached to the Wafer substrate, and form 
ing a portion of the Wall of the noZZle chamber adjacent the 
rim, the actuator paddles further being actuated in unison so 
as to eject ink from the noZZle chamber via the ink ejection 
noZZle. 
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[0029] According to a third aspect of the invention there is 
provided an ink jet noZZle arrangement comprising: 
[0030] a noZZle chamber including a ?rst Wall in Which an 
ink ejection port is de?ned; and 
[0031] an actuator for effecting ejection of ink from the 
chamber through the ink ejection port on demand, the actua 
tor being formed in the ?rst Wall of the noZZle chamber: 
[0032] Wherein said actuator extends substantially from 
said ink ejection port to other Walls de?ning the noZZle cham 
ber. 
[0033] The actuators can include a surface Which bends 
inWards aWay from the centre of the noZZle chamber upon 
actuation. The actuators are preferably actuated by means of 
a thermal actuator device. The thermal actuator device may 
comprise a conductive resistive heating element encased 
Within a material having a high coef?cient of thermal expan 
sion. The element can be serpentine to alloW for substantially 
unhindered expansion of the material. The actuators are pref 
erably arranged radially around the noZZle rim. 
[0034] The actuators can form a membrane betWeen the 
noZZle chamber and an external atmosphere of the arrange 
ment and the actuators bend aWay from the external atmo 
sphere to cause an increase in pressure Within the noZZle 
chamber thereby initiating a consequential ejection of ink 
from the noZZle chamber. The actuators can bend aWay from 
a central axis of the noZZle chamber. 
[0035] The noZZle arrangement can be formed on the Wafer 
substrate utiliZing micro-electro mechanical techniques and 
further can comprise an ink supply channel in communication 
With the noZZle chamber. The ink supply channel may be 
etched through the Wafer. The noZZle arrangement may 
include a series of struts Which support the noZZle rim. 
[0036] The arrangement can be formed adjacent to neigh 
boring arrangements so as to form a pageWidth printhead. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Notwithstanding any other forms Which may fall 
Within the scope of the present invention, preferred forms of 
the invention Will noW be described, by Way of example only, 
With reference to the accompanying draWings in Which: 
[0038] FIGS. 1-3 are schematic sectional vieWs illustrating 
the operational principles of the preferred embodiment; 
[0039] FIG. 4(a) and FIG. 4(b) are again schematic sections 
illustrating the operational principles of the thermal actuator 
device; 
[0040] FIG. 5 is a side perspective vieW, partly in section, of 
a single noZZle arrangement constructed in accordance With 
the preferred embodiments; 
[0041] FIGS. 6-13 are side perspective vieWs, partly in 
section, illustrating the manufacturing steps of the preferred 
embodiments; 
[0042] FIG. 14 illustrates an array of ink jet noZZles formed 
in accordance With the manufacturing procedures of the pre 
ferred embodiment; 
[0043] FIG. 15 provides a legend of the materials indicated 
in FIGS. 16 to 23; and 
[0044] FIG. 16 to FIG. 23 illustrate sectional vieWs of the 
manufacturing steps in one form of construction of a noZZle 
arrangement in accordance With the invention. 

DESCRIPTION OF PREFERRED AND OTHER 
EMBODIMENTS 

[0045] In the preferred embodiment, ink is ejected out of a 
noZZle chamber via an ink ejection port using a series of 
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radially positioned thermal actuator devices that are arranged 
about the ink ejection port and are activated to pressurize the 
ink Within the nozzle chamber thereby causing the ejection of 
ink through the ejection port. 
[0046] Turning noW to FIGS. 1, 2 and 3, there is illustrated 
the basic operational principles of the preferred embodiment. 
FIG. 1 illustrates a single nozzle arrangement 1 in its quies 
cent state. The arrangement 1 includes a nozzle chamber 2 
Which is normally ?lled With ink so as to form a meniscus 3 in 
an ink ejection port 4. The nozzle chamber 2 is formed Within 
a Wafer 5. The nozzle chamber 2 is supplied With ink via an 
ink supply channel 6 Which is etched through the Wafer 5 With 
a highly isotropic plasma etching system. A suitable etcher 
can be theAdvance Silicon Etch (ASE) system available from 
Surface Technology Systems of the United Kingdom. 
[0047] A top of the nozzle arrangement 1 includes a series 
of radially positioned actuators 8, 9. These actuators com 
prise a polytetra?uoroethylene (PTFE) layer and an internal 
serpentine copper core 17. Upon heating of the copper core 
17, the surrounding PTFE expands rapidly resulting in a 
generally doWnWard movement of the actuators 8, 9. Hence, 
When it is desired to eject ink from the ink ejection port 4, a 
current is passed through the actuators 8, 9 Which results in 
them bending generally doWnWards as illustrated in FIG. 2. 
The doWnWard bending movement of the actuators 8, 9 
results in a substantial increase in pressure Within the nozzle 
chamber 2. The increase in pressure in the nozzle chamber 2 
results in an expansion of the meniscus 3 as illustrated in FIG. 
2. 

[0048] The actuators 8, 9 are activated only brie?y and 
subsequently deactivated. Consequently, the situation is as 
illustrated in FIG. 3 With the actuators 8, 9 returning to their 
original positions. This results in a general in?oW of ink back 
into the nozzle chamber 2 and a necking and breaking of the 
meniscus 3 resulting in the ejection of a drop 12. The necking 
and breaking of the meniscus 3 is a consequence of the for 
Ward momentum of the ink associated With drop 12 and the 
backWard pres sure experienced as a result of the return of the 
actuators 8, 9 to their original positions. The return of the 
actuators 8, 9 also results in a general in?oW of ink from the 
channel 6 as a result of surface tension effects and, eventually, 
the state returns to the quiescent position as illustrated in FIG. 
1. 

[0049] FIGS. 4(a) and 4(b) illustrate the principle of opera 
tion of the thermal actuator. The thermal actuator is prefer 
ably constructed from a material 14 having a high coef?cient 
of thermal expansion. Embedded Within the material 14 are a 
series of heater elements 15 Which can be a series of conduc 
tive elements designed to carry a current. The conductive 
elements 15 are heated by passing a current through the 
elements 15 With the heating resulting in a general increase in 
temperature in the area around the heating elements 15. The 
position of the elements 15 is such that uneven heating of the 
material 14 occurs. The uneven increase in temperature 
causes a corresponding uneven expansion of the material 14. 
Hence, as illustrated in FIG. 4(b), the PTFE is bent generally 
in the direction shoWn. 

[0050] In FIG. 5, there is illustrated a side perspective vieW 
of one embodiment of a nozzle arrangement constructed in 
accordance With the principles previously outlined. The 
nozzle chamber 2 is formed With an isotropic surface etch of 
the Wafer 5. The Wafer 5 can include a CMOS layer including 
all the required poWer and drive circuits. Further, the actua 
tors 8, 9 each have a leaf or petal formation Which extends 
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toWards a nozzle rim 28 de?ning the ejection port 4. The 
normally inner end of each leaf or petal formation is displace 
able With respect to the nozzle rim 28. Each activator 8, 9 has 
an internal copper core 17 de?ning the element 15. The core 
17 Winds in a serpentine manner to provide for substantially 
unhindered expansion of the actuators 8, 9. The operation of 
the actuators 8, 9 is as illustrated in FIG. 4(a) and FIG. 4(b) 
such that, upon activation, the actuators 8 bend as previously 
described resulting in a displacement of each petal formation 
aWay from the nozzle rim 28 and into the nozzle chamber 2. 
The ink supply channel 6 can be created via a deep silicon 
back edge of the Wafer 5 utilizing a plasma etcher or the like. 
The copper or aluminium core 17 can provide a complete 
circuit. A central arm 18 Which can include both metal and 
PTFE portions provides the main structural support for the 
actuators 8, 9. 
[0051] Turning noW to FIG. 6 to FIG. 13, one form of 
manufacture of the nozzle arrangement 1 in accordance With 
the principles of the preferred embodiment is shoWn. The 
nozzle arrangement 1 is preferably manufactured using 
microelectromechanical (MEMS) techniques and can 
include the folloWing construction techniques: 
[0052] As shoWn initially in FIG. 6, the initial processing 
starting material is a standard semi-conductor Wafer 20 hav 
ing a complete CMOS level 21 to a ?rst level of metal. The 
?rst level of metal includes portions 22 Which are utilized for 
providing poWer to the thermal actuators 8, 9. 
[0053] The ?rst step, as illustrated in FIG. 7, is to etch a 
nozzle region doWn to the silicon Wafer 20 utilizing an appro 
priate mask. 
[0054] Next, as illustrated in FIG. 8, a 2 pm layer of poly 
tetra?uoroethylene (PTFE) is deposited and etched so as to 
de?ne vias 24 for interconnecting multiple levels. 
[0055] Next, as illustrated in FIG. 9, the second level metal 
layer is deposited, masked and etched to de?ne a heater struc 
ture 25. The heater structure 25 includes via 26 intercon 
nected With a loWer aluminium layer. 

[0056] Next, as illustrated in FIG. 10, a further 2 pm layer 
of PTFE is deposited and etched to the depth of 1 pm utilizing 
a nozzle rim mask to de?ne the nozzle rim 28 in addition to 
ink ?oW guide rails 29 Which generally restrain any Wicking 
along the surface of the PTFE layer. The guide rails 29 sur 
round small thin slots and, as such, surface tension effects are 
a lot higher around these slots Which in turn results in minimal 
out?oW of ink during operation. 
[0057] Next, as illustrated in FIG. 11, the PTFE is etched 
utilizing a nozzle and actuator mask to de?ne a port portion 30 
and slots 31 and 32. 

[0058] Next, as illustrated in FIG. 12, the Wafer is crystal 
lographically etched on a <lll> plane utilizing a standard 
crystallographic etchant such as KOH. The etching forms a 
chamber 33, directly beloW the port portion 30. 
[0059] In FIG. 13, the ink supply channel 34 can be etched 
from the back of the Wafer utilizing a highly anisotropic 
etcher such as the STS etcher from Silicon Technology Sys 
tems of United Kingdom. An array of ink jet nozzles can be 
formed simultaneously With a portion of an array 36 being 
illustrated in FIG. 14. A portion of the printhead is formed 
simultaneously and diced by the STS etching process. The 
array 36 shoWn provides for four column printing With each 
separate column attached to a different colour ink supply 
channel being supplied from the back of the Wafer. Bond pads 
37 provide for electrical control of the ejection mechanism. 












































