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FIGURE 3

(57) Abstract: In an example, a method for making a fluid ejection apparatus may include forming a molding material over a fluid
passage on a back surface of printhead die, embedding the printhead die in an encapsulant in a cavity in a printed circuit board such
that at least one drop ejector of the printhead die is exposed at a front side of the printed circuit board, removing the encapsulant at a

O back side of the printed circuit board to expose the molding material, and removing the molding material to form a fluid feed slot

W

through which fluid may flow to the fluid passage opening in the printhead die.
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PRINTED CIRCUIT BOARD FLUID EJECTION APPARATUS
Background

o001} Printhead dies in an inkjel pen or print bar may include channels
that carry fluid, such ag ink, to the ejection chambers. Ink may be distributed
from the ink supply to the die channels through passages in a structure that
supports the printhead die{s) on the pen or print bar. it may be desirable to
shrink the size of sach printhead die, for sxample to reduce the cost of the die
and, accordingly, 1o reduce the cost of the pen or print bar. The use of
smatiey dies, however, may reguire changes fo the larger structures that

support the dies, including the passages that distribute ink o the dies.

Brief Description of the Drawings

{0002} The detalled description section references the drawings,

wherein:

FIGURE 1 is a block diagram of an example fuid gjection

system;

FIGURES 2-5 illustrate an example fiudd gjection apparatus

implementad as a fluid slection panegl;

FIGURES 8-14 illustrate various operations of methods for

making a fluid ejection apparatus; and
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FIGURE 15 is a flow diagram of an example methad for making

a fluid ejection apparatus,;
all in which various embodiments may be implemented.

j0003] Examples are shown in the drawings and described in datail
below. The drawings are not necassarily to scale, and various features and
views of the drawings may be shown exaggerated in scale or in schamatic for
clarity and/or concisaness. The same part numbers may designatle the same

or simitar parts throughout the drawings.

Detailed Description

{00064} inkjet printers that ytilize a substrate wide print bar assembly
have been developed o help ncrease printing speeds and reduce printing
gosts, Conventiona! substrate wide print bar assemblies include mullipls paris
that carry printing fluld from the printing fluid supplies to the small printhead
dies from which the printing fluid is ejected on o the paper or other print
substrate. While reducing the size and spacing of the printhead dies confinues
o be important for reducing cost, channeling prinking fluid from the larger
supply componanis {o ever smaller, more tightly spaced dies requires
complex flow structures and {abrication processes that can actually increase

cost.
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{0005] Desoribed herein are various implementations of fiuid ejection
apparatuses and systems, and methods for making such apparatuses and
systems, comprising a molded fluid gjsction panel, which may anable the use
of smaller printhead dies and more compact die circuitry to help reduce cost in
substrate wide inkjet printers. In various implementations, a method for
making a molded fluid ejection panel may include forming a molding material
over g fiuid passage on a back surface of printhead die, embedding the
printhead die in an encapsulant in a cavity in a printed circuit board such that
at least one drop gjector of the printhead die is exposed at a front side of the
printed circuit board, removing the sncapsulant at a back side of the printed
circuit board to expose the moiding maternial, and removing the molding
material to form a fluid feed slot through which fluid may flow to the fluid
passage opening in the printhead die. In various implementations, removing
the encapsulant may comprise plunge-cutting into the encapsulant without
cutling into the printed circuit board. In other implementations, remaoving the
encapsulant may comprise back grinding, laser ablating, or powder blasting

the encapsufant without cutting into the printed circut board.

{0006] For the inplementations described herein, using the molding
material {o form, af least in part, the fluid feed slot, may allow for a reduction
in depth of the cut into the encapsulant, which may halp avoid culting into the
printed cireult board or having 1o customize the printed circuit board in a
manner to avoid being cut during the operation to remove the encapsulant to

expose the molding material and form the fluid feed sivt,
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{0007} in various implementations, a molded fluist ejection panet
comprising an embedded printed circuit board and printhead dies in sifect
grows the size of each printhead die for making fluid and elsclrical
connections and for attaching the printhead dies o other structures, thus
enabling the use of smatlter dies. For the varicus implementations described
herein, a molded fuid ejection panel may enable the use of long, narrow and
very thin printhead dies. For example, a 100um thick printhead dis thal is
about 26mm long and 500pm wide can be embedded in a 1mm thick printed
circuit board to replace a conventional 500pm thick silicon printhead die. The
ease with which printed circuit boards can be fabricated and processsd may
also help simplify the fabrication of pags wide print bars and other printhead
sfructures as new, composite structures with buili-in printing fluid channaels,

eliminating the difficulties of forming the printing fluid channels in 3 substrate.

{0008] in various implementations, the mokded fluid ejection panegl may
not be limited to print bars or other types of printhead structures for inkjet
printing, but may be implemented in other devices and for other fiuid flow
applications. Thus, it one example, the molded fluid gjection panel may
inciude a micro device embedded in a printed circuit board having fluid feed
siots and channels therein through which fluid may flow 1o the micro device,
The micro device, for example, could be an slectronic device, a mecharical
davice, or a microelectromechanical system (MEMS) davice. The fuid fow,
for example, could be a cooling fluid flow into or onto the micro device or fluid

flow into a printhead die or other fluid dispensing micro device.
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{0008 As used herein, 8 “printed circuit board” {sometimes abbreviated
“PCRY means a non~conductive substrate with conductive pathways for
mechardcally supporting and slectrically connecling to an slectronic device
and may comprise a stack of a plurality of layers such as, for example,
preprag layers and conductor layers comprising metal; a “micro device”
means a device, such as a printhead die, etc., having one or more exterior
dimensions {ess than or equal {o 30 mm, “thin” means a thickness less than or
equal to 850 uym; a “sliver” means a thin micre device having a ratio of length
o width (LW} of at least three; a “printhead” and a “printhead die” mean that
part of an inkjet printer or other inkjet type dispenser that dispenses fluid from
one or more gpenings. A printhead includes one or more printhead digs.
“Printhead” and “printhead die” are not limited to printing with ink and other
prinfing fluids but also include inkjet type dispensing of other fluids andfor for

uses other than printing.

{0010} Turning now to FIGURE 1, iHlustrated is a block diagram of an
example fluid ejection system 100 suitable for incorporating a molded fluid
gjection panel 101 including an embedded printed circuit board and printhead
die fabricated using a molding material to form, at least in part, a fluid feed
siot through which fluid may flow to the fluid passage opening in the printhead
die. in vartous implementations, the fluid gjeclion system 100 may comprise a
thermal inkjet printer or printing system. The fluid ejection system 100 may
include a printhead assembly 102, a fluid supply assembly 104, 2 mounting

assambly 108, a media fransport assembly 108, an elecironic controller 110,
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and at least one power supply 112 to provide power {o the various electrical

components of fluid sjection system 100.

{0011}  The printhead assembly 102 may include at least one printhead
114. The printhead 114 may include one or more printhead dies to supply a
fiuid, such as ink, for example, to a plurality of noxzies 118, The printhead 114
may comprise the molded fluid ejection panel 107 including a printed circuit
board 118 and at least one printhead die 120 embedded in an encapsulant in

accordance with the implementations described herein.

{00121 The plurality of nozzles 116 may ¢ject ejects drops 122 of the fluid
toward a print media 124 so as to print onfo the mint media 124, The prind
media 124 may be any type of suitable sheet or rol material, such as, for
example, paper, card stock; transparencies, polyvester, plywood, foam board,
fabric, canvas, and the like. The nozzles 118 may be arranged in one or more
columns or arrays such that properly sequenced ejection of fluid from hozsles
116 may cause characters, symbols, and/or other graphics or images o be
printed on the print meadia 124 as the printhead assambly 102 and printmedia

124 are moved relative to each cther.

{0013]  The fluid supply assembly 104 may supply Suid to the printhead
assembly 102 and may include a reservoir 126 for storing the fluid, In general,
fiuid may flow from the reservoir 126 to the printhead assembly 102, and the
fluid supply assembly 104 and the printhead assembly 102 may form a one-
way fluid delivery system or a recirculating fluid delivery system. in a one-way

fiuid delivery system, substantially all of the fiuid supplisd {o the printhead
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assembly 102 may be consumed during printing. In a recirculating fluid

delivery system, however, only a portion of the fiuid supplied to the printhead
assembly 102 may be consumed during printing. Fluid not consumsd during
printing may be returned to the fluid supply assembly 104, The reservoir 128

of the fluid supply assembly 104 may be removed, replaced, and/for refilled.

0014  The mounting assembly 106 may position the printhead assembly
102 relative to the madia transport assembly 108, and the media transport
assembly 108 may position the print media 124 relative to the printhead
aasembly 102, Iy this configuration, a print zone 128 may be defined adjacent
to the nozzles 1186 in an area bebween the printhead assembly 102 and print
media 124. in some implementations, the printhead assembly 102 is a
scanning type printhead assembly, As such, the mounting assembly 108 may
include 3 carriage for moving the printhead assembly 102 ralative to the
media ransport assembly 108 {o scan the print media 124. In other
implementations, the printhead assembly 102 is a non-scanning type
printhead assembly. As such, the mounting assembly 108 may fix the
printhead assembly 102 at a presoribed position relative to the media
fransport assembly 108, Thus, the media fransport assembly 108 may

position the print media 124 relative o the printhead assembly 102,

{0015]  The electronic controller 110 may include a prosessor 130, memory
132, firmware, software, and other electronics for communicating with and
controlling the printhead assembly 102, mounting assembly 106, and media

fransport assembly 108, Memory 132 may include bath volatile {e.g., RAM]

SUBSTITUTE SHEET (RULE 26)



WO 2015/152889 PCT/US2014/032420

and nonvolatile {e.g., RGM, hard disk, floppy disk, CD-ROM, efc.) memory
companents comprising computer/processor-readable media that provide for
the storage of computerfprocaessor-gxecutable coded instructions, data
siructures, program modules, and other data for the printing system 100. The
glectronic controlier 110 may recsive data 134 from a host system, such as a
computer, and temporarily store the data 134 in memory 132, Typically, the
data 134 may be sent {g the prinding system 100 along an electronic, infrared,
optical, or other information transfer path. The data 134 may represent, for
example, a document and/or file {o be printed. As such, the data 134 may
form a print job for the printing system 100 and may include one or more print

job commands andfor command parameters.

{0016]  In various implementations, the slectronic controller 110 may
control the printhead assembly 102 for giection of fluld drops 122 from the
nozzies 116, Thus, the electronic controller 110 may define a pattern of
ejected fluid drops 122 that form characters, symbols, and/or other graphics
ar images on the print media 124, The pattem of ¢jected fluid drops 122 may
be determined by the print job commands andior command parameters from

the data 134.

[00171  Invarious implementations, the printing system 100 is 3 drop-on-
demand thermat inkjet printing system with a thermal inkjet {TUU) printhead
114. In some implementations, the printhead assembly 102 may include a
single TH! printhead 114, In other implementations, the printhead assembly

102 may include a wide array of Tid printheads 114, In vadous
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implementations, the printhead assembly 102, fluid supply assembly 104, and
reservoir 128 may be housed fogether in a replaceable device such as an

integrated printhead cartridge.

jo018} FIGURE 2 jllustrates an example molded fluid ejection panel
207 in which printhead dies 220 are embedded in 2 printed circuit board 218,
FIGURE 3 is a detailed view of the panel 201 shown in FIGURE 2 along line
3-3. FIGURE 4 and FIGURE 5 are detalled views of one of the dies 220
shown in FIGURE 2. In the illustrated example, the fluid ejection panel 201
may be configured as an elongataed print bar such as mightbe used ina

single pass substrate wide printer,

{00149 The fludd ejection pansl 201 may include a plurality of printheads
214 embedded i an elongated printed circuit board 218 and amranged
genarally end to end in a row lengthwise in 2 staggered configuration iry which
e printheads 214 in the row overlap another printhead 214 in that row. Each
of the printheads 214 may include at least printhead die 220. in various
implementations, the printhead dies 220 may comprise printhead die slivers.
Although ten printheads 214 are shown in a staggered configuration, more or
fewer printheads 214 may be used and/or may be arranged in a different
configuration. Likewise, although each of the printheads 214 is Hlusirated as
having four printhead die slivers 220, more or fewer printhead die slivers 220
may be used and/or may be arranged in a differant configuration. in addition,
although one row of staqgered printheads 214 is shown, more rows may be

possible. For example, in some condigurations, a fluid sjection panel may
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include multiple rows of printheads 214, and in at least some of these
configurations, multiple rows of printheads 214 may print multiple different

color.

{0020} Each printhead 214 may include a single printhead die sliver
220 or muitiple die slivers 220, each sliver 220 with at least one row of drop
sjactors 218 exposed at a surface of the printad clrcui! board 1086 through
which printing fluid may be ejected from corresponding fluid ejection
chambers 2368. The printhead dies 220 may be embedded in the printed
gircuit board 218 using an encapsulant 238, Ag lllustrated, for example, the
printed circuit board 218 includes a cavily (defined by walls 240} that extends
from the front side 221 of the printed circuit board 218 1o the back side 219 of
e printed cireult board 218, and the printhead dies 220 are embedded in the
gncapsuiant 238 in the cavity 240 1o couple the printhead dies 220 within the

printed circuit board 218,

{0021} The fluid ejection panet 201 may include a fluid feed
slot/channal 242 at a surface opposifa the exposed drop giectors 218 inthe
printed circull board 218 to supply printing fluid to a fiuid passage 244 of the
printhead die siiver 220, The fluid passage 244 may be fluidically coupled to
the drop gjectors 218 via the fluid gjection chambers 236 such that fluid may
fiow front the Hluid fead slot 242 o the drop ejectors 216 for drop ejection.
Other suitable configurations for each printhead 214 may be possible. For

example, more ¢ fewer printhead die slivers 220 may be used with more or
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fewer ejection chambers 236 and fiuid feed slots 242 or larger dies {nat

sliversy may be used.

{00221 Printing fluid may flow into each efection chamber 236 from a
manifold 246 extending lengthwise along each die sliver 220 between the two
rows of gjection chambers 236, Frinting fluid may feed into the manifold 246
#wough multiple fluid passages 244 connected o the priting fuid feed
slot/channel 242 at the bottem surface of the die 220, The idealizad
representation of a printhead die 220 in FIGURE 3 and FIGURE 4 depicts
three layers 248, 250, 252 for conveniance only. An actual iniget printhead die
sliver 220 may be a typically complex integrated circuit {iIC) structure formed
on a silicon substrate 248 with layvers and elements not shown in the
drawings. For example, a thermal ejector elemant or a plezoelectric efector
glament formed {not shown} on subsirate 248 at cach ejection chamber 236
may be actuated, via elecirical terminals 254, 1o eject drops or streams of ink

or other printing fluid from drop ejeciors 216.

[0023] The printed circuit board 218 may include a plurality of layers
including at least one conductor layer 256, In many implementations, the
printed circuit board 218 may include altarnating ayers of conductor layers
and insulating layers, and may include redistribution layers or conduchve
pathways electrically connecting various parts of the conductor lavers to sach
other and/or to a component external to the printed circuit board 218. As such,
although the drawings depict the panel 201 as including a single conductor

layer 256, for simplicity’s sake, i is confemplated that the printed circult board
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218 may include additional contductor layers. For example, the printed circuit
board 218 may include a conductor layer at both surfaces of the printed circuit
board 218 {e.g., conductor laysr 258 at the first surface and another
conductor layer the second surface, opposite the first surface, of the printed

circuit board 256).

{0024} The conductor Jayer 256 may include at least one bond pad 358
electrically connected to an electrical terminal 254 of at least one of the
printhead dies 218. The conducior layer 256 may carry electrical signals to
the drop gjactors 216 andfor other elements of the printhead dies 220, and in
some implementations, may be electrically connected to an ASIC or other
non-printhead die electronic device 260 embedded in the printed circuit board
218, In at Jleast some implementations, the conductor layer 286 may include a
ground layer, which may allow for electrostatic discharge. In some
implementations, the printhead dies 220 may be electrically connected fo
each other. In the example shown, the conductor laver 256 may be electrically
connected to the printhead dies 220 through bond wires 262, As shown, the
hond wires 282 may be coverad by a cap 284 or encapsulant material,
Although the illustrated examples depict printhead dies 220 wire-bonded to
he printed aircuit board 218, other electrical interconnection arrangemenis
may be possible within the scope of the present disclosure. For example, in
some implementations, a printhead die 220 may be elsctncally interconnectsd
o a printed circuit board 218 by solder, conductive adhesive, or the Bke. In

various implementations, the prinded circuit board 218 may include a
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protective layer 206 to protect the conductor layer 258 and/or another part of

the printed circuit board 281

[0025] in some implementations, rather than electrically connecting a
top/ront side 221 of the printhead die 220 to the printed circult board 218, as
#lustrated in the drawings, a printhead die 220 may insteat have a through-
silicon via (not Hustrated) to slectrically connect the an alecirical terminal 284
of the printhead die 220 o a conductor layer at a bottomv/back side 219 of the
printed circuif board 218 or a conductive layer between {he front side 221 and
the back side 219, aither directly or via a redistribution layer. In other
mmplamentations, the printhead die 220 may be electrically connected to the
conductor layer 256 at the front side 221 of the printed circuit board 218 via

another conductive pathway.

[ou26} As can be seen in FIGURE 3, a portion of the encapsulant 238
at the back side 218 of the printed circuit board 218 is removed ({indicated
generally by 268), which exposes the fuid feed slot 242 such that fluld may
fow to the fluid passage 244 in the printhead dies 220, In the llustrated
example, the porlion of the encapsulant 238 has been removed using a
plunge-cut saw, forming a rounded cut into the encapsudant 238, In various
mplamentations and as described move fully below, the fluid feed slot 242
with walls 220 extending toward the bacilcside 218 of the printed circuit board
218 may be defined by using a molding matertal 1o allow the depth to which
the encapsulant 238 is {o be removed to expose the openings o the fluid

passages 244 o be mindmized as compared to methods not using the molding
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material. As indicated by the hashed ling 270 in FIGURE 3, for instance,
forming the fluid feed slot 242 by cutting into the back side 219 of the printed
circudt board to sxpose the fluid passages 244 may often resulf in a deeper
cut. in the illustrated example, the deeper cut may inferact with the printed
circuit hoard 218 due at least in part o the radius of the plunge-cut saw blade.
Using the molding material to form the fluid feed slot 242 in accordance with
various implementations of the present disclosure may avoid need o resort o
increasing the printhead die 220 length, enlarging the cavity 240 of the printad
circuit board 218, or forming a step in the printed circuit board 218 to avoid
the saw blade, or some combination thereof. Instead, in various
implementations of the present disclosure, the length of the printhsad die 220

may be reduced without further customization of the printed circuit board 218.

{0027} FIGURES 6-14 lllustrate an example method for making a fluid
gjection apparatus comprising a molded fluid sjection panel. FIGURE 15is a
fiow diagram including operations of the method llustrated in FIGURES 8-14.
it should be noted that various operations discussed andfor llustrated may be
generally referred to as multiple discrate operations in turn to help in
understanding various implementations. The order of description should not
be construed to imply that these aperations are order dependent, unless
explicitly stated. Moreover, some implementations may include more or fewer
operations than may be described. It addition is noted that although FIGURES
8-14 depict a single printhead die embedded in a single cavity of a printed
gircult board, most implementations comprise embedding a plurality of

printhead dies in a cavity of a printed circuit board, and smbedding cther
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pluralities of printhead dies in other caviies of the printed dircuit to form a fluid
ejection panel such as, for example, the one illustrated in FIGURE 2. Further,
although not Hllustrated, after forming the molding fluid ejsction panel
described below, the method may include Buidically coupling the fluid feed
slots of the printhead die io a fluid reservoir (such as, e.g., the fluid reservoir
described herein with reference to FIGURE 1) to form a fluid ejection

apparatus and o provide fivid 1o the fluid passage.

j0028] Turning now to FIGURE 8, the method may begin or proceed
with forming a molding material 872 on the back surface 674 of the printhead
die 220 over an opening of at least fluid passage 244 {operation 1601 of
FIGURE 15). In various implementations, the printhead die 220 may he
mounted on a carrier 876 such as, for example, @pe or other carvier prior to
farrming the molding material 672 on the back surface 674, The molding
material 672 may comprise any material suitable for forming a fluid feed slotin
accordance with the various implementations described herein. Example
materials for the molding material 872 may include, but are not limited to,
waxes, thermaoplastics, or the like. As implemented hersin, the molding
material 672 may be referred 10 as a "lost wax” or “lost mold” as the molding

material 672 is removed later in the method, as described below.

{0029} The mathod may proceed o FIGURE 7 with forming a barvier
878 over the front side 221 of the printed circuit board 218 1o cover the cavily
{defined by walls 244} in the printed circult board 218, and arranging the

printhead die 220 in the cavily 240 such that at least one drop sjector of
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nozzie plate 232 of the printhead die 220 faces the barrier 678. in some
implementations, the barrter 678 may comprise a carrier, an adhesive coupled
between the printed circuit board and a carrier, or another barier. The barner
878 may be identical to the carrier 878 shown in FIGURE B or a different

carrier.

o030} The method may procesd to FIGURE 8 with forming an
encapsulant 238 arcund the printhead die 220 and the melding material 672
to embed the printhead die 220 and the molding material 872 in the
encapsulant 238 in the cavity 240 (operation 1503 of FIGURE 15). As shown,
the printhead die 220 is embedded such that the at least one drop ejector of
the nozzle layer 252 abuts the carrier 688 so that the drop ejector 216 is not
embedded in the encapsulant 238 hut is instead exposed at the front side 221
of the printed circult board 218 after removal of the carrier 878, as shown in

FIGURE 9.

{0031} The method may procesd to FIGURE 10 with slectricalty
conneching the printhead die 220 o the printed circuit board 218, In various
implementations, band pads 258 of the printhead die 220 may be wirg bonded
o terminals 254 of the printed circult board 218 by bond wires 282. In ¢ther
mplamentations, the printhead die 220 may be electrically connected to the
grinted circuit board 218 by another type of electrical connection such as, for
example, solder, conductive adhesive, ar the like. in various implementgtions,
the bond wires 262 may be covered by a cap 284 or encapsulant, as shown in

FIGURE 11

SUBSTITUTE SHEET (RULE 26)



WO 2015/152889 PCT/US2014/032420
17

{0032} The method may procead to FIGURE 12 with removing at least
& portion of the encapsulant 238 at the back side 215 of the printed circuit
board 218 to expose the molding material 672 {opsration 1505 of FIGURE
18). in varipus implementations, the encapsulant 238 may be removed by
cutting into the encapsulant 238 by plunge-culting, back grinding, laser
ablating, powder blasting, or ancther method, without cutting into the printed
circuit board 218. In some implemeniations, the encapsulant 238 may be
removed such that the back side 218 of the printed circuit board 218 is

exposed at shown in FIGURE 13,

{0033] As shown in FIGURE 14, the method may proceed with
removing the molding material 672 o form the fluid feed slot 242 through
which fluid may flow to the at least one fluid passage 244 in the printhead die
220 (operation 1807 of FIGURE 18). In various implameniations, the molding
material 672 may be removed by washing or rinsing away using a suitable
solvent such as, for example, water. in other implementations, the molding

material 672 may be removed by melting or ancther method.

[0034]1 Various aspects of the #lusirative embodiments are described
herein using terms commaonly employed by those skilled in the art o convey
the substance of thair work to others skilled in the art, it will be apparent to
those skilled in the art that altemnate embodiments may be practiced with only
some of the described aspects. For purposes of explanation, specific
numbers, materials, and configurations are set forth in order {o provide a

thorough understanding of the llustrative embodiments. i will be apparent to
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one skilled in the art that alternate embodiments may be practiced without the
specific details. In other instances, well-known features are omitted or

simplified in order not {o obscure the dlustrative embodiments.

{0035] Although certain embodiments have been Hlustrated and
described harein, it will be appreciated by those of ordinary skill in the art that
a wide variety of alternate andfor equivalent embodiments or implemertations
calculated to achieve the same purposes may he substituted for the
embpodimenis shown and described without departing from the scope of this
disclosure. Those with skill in the art will readity appreciate that embodimenis
may be implementad in a wide variety of ways. This application is intended to
cover anv adaptations or variations of the embodiments discussed herein. s
manifestly ntended, therefore, that embodiments be limited only by the claims

and the gquivalents thergof,
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Claims
What is claimed is:
1. A method for making a fludd slection apparatus, comprising:

providing a printhead die having a first surface including at least one
drop ejector and a back swrface including at least one fluid passage opening;

forming a molding matenal on the back surface of the printhead die
over the at least one fiuid passags opening;

ambedding the printhead die and the molding materisl b an
encapsulant in g cavity in a printed circuit boand;

removing at least a portion of the encapsudant at a back side of the
printed circuit board 1o expose the molding material, and

removing the molding material to form a fluid feed slot fhrough which

fiid may flow to the at least one fluid passage opening in the printhead die.

2. The method of claim 1, wherein the cavity extends from a front side of
the printed circuit board to the back side of the printed circuit board, and
wherein said embedding comprises embedding the printhead die such that
the at least one drop ejector is exposed at the front side of the printed circuit

board

3. The method of claim 1, wherein said remaoving the at least the portion

of the encapsulant comprises plunge-cutling into the encapsulant at the back

side of the printed circuil board 1o expose the molding material,
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4, The method of claim 1, wherein said removing the at teast the portion
of the encapsulant comprisas back grinding, laser ablafing, or powder blasting
the encapsulant af the back side of the printed circuit board to expose the
molding material.

&, The method of claim 1, wherein the molding material comprises wax o

a thermoplastic material.

8, The method of claim 1, further comprising electrically connecting the

printhead die to the printed circuit board.

7. The method of claim 5, wherein said slectrically connecting the
printhead die {0 the printed circuit hoard comprises wire bonding the printhead

die to the printed circuit board.

8. The method of claim 1, wherein sald embedding the printhead die and
the molding material in the encapsulant comprises.

applying a barrier over a front side of the printed circut board to cover
the cavity,

arranging the printhead die in the cavity such that the at least one drop
sjecior faces the barvier; and

forming the encapsulant arcund the printhead die fo embed the

printhead die in the cavity,

SUBSTITUTE SHEET (RULE 26)



WO 2015/152889 PCT/US2014/032420
21

8. A method for making a flutd ejection apparatus, comprising:

forming a molding matsrial over a fluid passage on a back surface of
printhead die;

arranging the printhead die in a cavity of a printed circuit board;

forming an encapsulant in the cavity having the printhead die therein
such that at least ane drop gjector of the printhead die s exposad al a front
side of the printed circuit board;

culting into the encapsulant at a back side of the printed circult board {o
expose the molding material; and

removing the moiding material to form a fluid feed slot through which

fluid may flow to the fluid passage opening in the printhead die.

1. The method of claim 8, wherein the cavity extends from the front side

of the printed circuit board {0 a back side of the printed circuit board

11, The method of claim 9, wherein said cufting the encapsulant at the
back side of the printed circuit board o expose the molding material of each
of the plurality of printhead dies comprises plunge-cutling into the encapsulant

without cutting into the printed circwit board.

12. The method of claim 8, whereiry the printhead die is a fivst printhead die

and the cavity is a first cavity, and wherein the method further comprises

arranging a second printhead die in a second cavity, forming the encapsulant
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in the second cavity having the second printhead die therein such that at least
one drop sjector of the second printhead die is exposed at the front side of the

printed circuit board.

13, A msthoed for making a fluld sjection apparatus, camprising:

forming a molding material over a plurality of fluid passage openings at
a back surfgce of each of a plurality of printhead dies;

embedding the plurality of printhead dies in an encapsulant in a cavity
in a printed circuit board such that a plurality of drop ejectors fluidically
coupled to the plurality of fluid passage openings is exposed at a front side of
the printed circuit board;

removing at least a portion of the encapsulant at a back side of the
printed cireuit board 1o expose the molding material;

removing the molding material exposed after said removing the portion
of the encapsulant to form fluid feed slots; and

fluidically coupling the fluid feed slots of the pluralily of dies ta a fluid

reservolr to provide fiuld 1o the plurality of fuid passage openings.

4. The method of claim 13, wherein said removing the at least the portion
af the encapsuiant at the back side of the printed circul! board to expose the
molding material of each of the plurality of printhead dies comprises plunge-

cutling into the encapsulant without cutting into the printed circuit board,
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15, The method of claim 13, wherein the plurality of printhead dies is a first
plurality of printhead dies and the cavity is a #irst cavity, and wherein the
method further comprises embedding a second plurality of printhead dies in
an encapsulant in a second cavity in the printed circuit board such that a
plurality of drop sjectors of the second plurality of printhead dies fluidically
coupled to a plurality of fluid passages of the second plurality of printhead

dies is exposed at the front side of the prinfed circuit board.
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