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FRINTED CIRCUIT BOARD FLUID EJECTION APPARATUS

Background
{0001 Printhead diss in an inkjst pen or print bar may include tny
channels that cany Huid, such as ink, o the gjection chambers. Ink may be
distributed from the ink supply 1o the dis channels through passages g
structure that suppons the printhead die(s) an the pen or print bar, | may be
desirable o shoink he size of each printhead die, for example o reducs the
cost of the die and, accondingly, o reduce the cost of the pan ar peint bar,
The use of smalier disg, howaver, may reguire changes 1 the larger
structuras that support the dies, including the passages that distnbule ok o

the dies.

Brief Description of the Drawings
{0002 The detailed description section references the drawings,
wWhersin
Figures 1-5 Blustrate an inkjet print ber implementing an

sxample of 3 fluid gpection apparatug;
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Figuras 8-12 flustrate sy example of a method for making & fuid
siection apparatus;
Figures 1317 Hustrate another example of a methad far making
& fuid sjection apparatus; and
Figures 18-22 dustrate another axample of a methad for making
2 fusd efsction apparatus;
gl inwhich various embodimants may be implsmented.
{0003] Examples are shown i the drawings and desonbed in detal
balow. The dravwings are nol necessanly to scale, and various festures ang
views of the drawings may be shown sxagaerated in scals or i sohematic far
planty andior concisenass. The same pard numbers may designate the same

af ginvkar pants throughowt the drawings.

Dotadled Description

{0004] inkjet printaers that wlilize 2 subsirate wide print Dar assarmisly

have been developed to help ingease printing spesde and reducs prining

costs, Conventional subsirate wide print bar assembhies inchude multiple parts
that carry printing Suid from the printing fuld suppliag to the small printhead
diss from which the printing fluid is sjecled o to the paper of other print

subsirate. While reducing the size and spacing of the printhead dies continues

oSt
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{0005] Described herein ane varous implementations of & fluid sjection
structure enabling the use of smaller winthead diss and more compact dg
circuitry 1o halp reducs oostin substrate wids inkjst prirtars, A printhead
structurs implementing one exampie of e new fluld gjection strugiure may
nelude muitiple printhead dies glusd o otherwise mountsd iInopeaings N a
prirted ciroud board such that drop sjectors of frst surfaces of the printhead
gias are exposed al & first swrface of the printed civcuit buard. The structure
say include plungs-cut Huid fesd slot through which fuid may fow o
regpective ones of the printhead diss, the plunge-cut fuid feed siot extending
through s seoond surface, opposite the Sest swiface, of the printed clroult
board and inte & secend swrface, apposite the fest surface, of the printhead
disg, Conductive pathways in the printed croull board may conneat ©
slectical terminals on the dies. The printed cirowlt board in effect grows the
size of sach printhead die for making Huid and sledtnsal comnnections and for
attaching the pinthead diss {o other struclures, thus enabling the use of
attatler dies. The sase with which printed citoull hodrds can be fabricsted and
processed may also halp simplily the {abrication of pags wide prnt bars and
sther printhedd structires as naw, composite structures with buiit-in printing
fluid channsis, sliiminating the difficules of rming the printing Tud channels
i 8 substrate.

[po0s] iy various implementabions, the fuid sjschon structure may not
hae Hmited fo pant bars or other types of printhead structures for inkist printing,
but gy be implementad in other devices gnd for othar Buid flow applications.,

This, in one sxample, the fuid gjection structurs may inchuds & mitrs device
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embedded iy 3 printed ciroult board having Huid feed sliots and chamnnels
therein through which fuid may fiow to the micro device, The miore device, Tor
sxample, could be an slectronic davice, & mechanioal device, or g
microsiectromechanical system (MEMS) device. The fuld 8ow, for exampls,
cowld be & cooling Tad fow inte or onto the rcro device or uid flow into a
prirthead die o other g gispensing mecra devics,

{0007] As ussd harein, & "printed ciroult bosrd” means a non-
candfuctive subsirate with conduchive pathways for mechanically supposting
and slectically connecting to an electronic device and may comprise a slack
of 5 pluraliy of lavers such as, for sxample, prepreyg lavars and metal layers
{printed cirouit board is sometimes abbreviated "PEETY & "micrn deior”
reans & device, such ag 8 printhead die, sto., baving ong or mors exienar
dimeansians fess than or agusl 1o 30mm Tthin® means 8 thickness less than ar
enual to 850 a "eliver” means a thin micre device having a ratio of length
o widdth (LAV) of af laast three; a "printhead” and 2 "printhead disg” mean that
part of an inkiet printer or oiher inkjet type dispenser that dispenses Ruig from
one or mars aperings. A printhead includes one or more printhead diss
printing fulds but also inchude inkist type dispensing of oiher fhids andior for
uses other than printing.

{oo0s) Figures 1-5 Hlustrate an sxampls of & Tuid gjsction apparatus
0 Iy which printhead diss are embedded in a printed cirout board with
plunge-cut fhad fesd slots. In ths sxarmple, fid gjection apparatus 100 may

be configured as an slongated print ber such as might be used in a single
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ey

pass substrats wide printer. Refarning Tiest to Figures 1 and 2, printhesds 102
may be ambeddad in an slongated wrinted circuit board 104 and arranged
genaraily and o and By rows 1088 & staggered configuration in which the
printheads 102 in sach row overlap another printhsad 102 in that row,
Although four rows 108 of staggerad prirtheads 10€ are shown, for grinding
four different colors for sxample, other suttable configwrations may be

possible. Figures 35 are defalled views of ons of the die slivers 102 shown in

Figurs 2.
{8009} Referang now to Fgures 1-8, i the example shown, gach

printhead 103 may include 5 single printhesd dis sliver 108 with twa rows of
giaction chambers 110 and curresponding drop gjectors VI2 through which
grinting fluid may be sjscted from chambers THL A fuid fesd slovchannst
114 in printed circult boand 104 may supply printing flukd to each printhead e
giiver 108, Other suitable configurabions for each printhead 102 may be
possible. For example, more or fewer printhead die slvers 108 may be used
with more or fewer gjaction chambers 110 and fluld fesd slots 114 arlasgsy
dies {not slhvers) may be ussd.

00103 Printing Suig may fow info each gjection chamber 11 from 8
maniiold VI8 exdending lengthwise along sach de shiver 108 batwasn the fwo
rows of ejection chambers 110, Printing fluid may feed intoe manifold 118
through multiple ports 118 that are connectad o printing fluld fesy
stotichanne! 114 af die surface 120, The ideglized reprosentation of a
printhead die 108 i Figures -5 depicts three layers 142, 124, 136 for

canvanience oy ko clearly show gjection chambers 110, drop sjsclors 112,
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sanfold 118, and ports 118, An sctugd inkiel printhead die stiver 108 may be
a typinally complex integrated oirpuit Q) structure formed on 2 silicon
gxample, a thermal gjeclor slement of & plezosiactric sjector element formed
{not shown} on substrate 122 &t each siection chamber 110 may be actuatad
to sject drops or streams of ink or other peirding fuid from drop sjsctors 112
Conductors 138 covered by a protective faver 130 and altached 1o electiical
terminals 132 an substrate 122 cary efectricsl signals to sjector andior other
slements of printhead die sliver 108,

{0011} Figures 5-11 Hlustrate one example methad for making a
printhead structure 100 such as the ona shown i Figures 12§ Figure 1218 8
flow diagram of the method Blustratied in Figures §-11. &lthough & pracess for
making @ printhead structure 100 with printhead dies 108 is shown, the
devdces. Also, whils only cog printhaad structure 100 s shown, the method
may beused fo simullansously fabricate multipls printhead structuess 10
Indsed, one of the advaniages of smbedding dies 108 in s printed circuit
board 104 8 the sase with which g print circutt board 104 may be made 1o
different sizes to sccommodate dividual, group or waler level fabrication.
[0012] Referdng first o Figure 8, in preparation for receiving & micro
davics (such as, 8.0, 2 printhead disl, an opering 134 i3 sawn or otheredss
formed in 2 first rinted ciroult board layer sel 104a of & printed giroult board

die aftsch fim or other suitable adhesive 138 is applied to printed civcult board
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104 and & PET {polyathylens terephthalate) film, high-temperature lape, or
nther suitalde barrier 138 aprdied over die altach fim 138 {pperation 1202 of
Figura 12} Barnar 138 spanning opening 134 formes a cavity for receiving 8
printhead die 102 {eperation 1204 of Figure 12} such that a first swilacs, the
top side, of the dis 102 faces the bamiar 138 and g sscond surface, the back
side of the die 108 faces away from the bamer 138, as shown i Figurs 8.
{0013] i Figure 8, POR conductors 138 are bonded to printhead dis
tarminals 132 {operation 1206 of Figure 121 and dis silach adbesive 1381
fiowed ko the gaps arcund printhead die 103 {oparation 1208 of Figus 13

Uie attach adhasive 136 forms the glue that holds printhead die 102 in the
ppaning 134, Die gftach adhasive 138 also seals the embedded die 102 in the
apening 134 Accordingly, slthough sny sultable sdhesive may be used fur dis
stiach 138, including dis attach 8ims commeroally gvatiable for
semisonductor fabnication, the adbesive should resist the corosive effect if
ary, of the ink o other printing fluids.

{0014 in one example for bonding and flowing, solder or conductive
adhesive is applied 1o one or both conductors 128 and tenminals 132 bafore
assembly and the structure heated affer sssembly to reflow the solder to bond
conductors 128 and ferminals 132 ang to flow {or wick) aghasive 138 info e
gaps around privithead die 102 as shown in Figure 8.

{0015] In Figure 9, @ second printsdd circult board laver sef 1iMdb s

Figure 124 As shown, the sscond pointed clrouil board ayer set 1040 covars

the ssvond surfacs, the back side, of the die 102 second surface, opposits the
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firat surface, of the printhead die 102, Printhead structure 100 & then relgased
from barrier 138, as shown in Figure 10 {operation 12123 of Figure 12}

fa016] Iy Figure 10, 3 fuid feed slot 114 s plunge-cut through the
second printed circwit board layey set 1040 and ik the second surfacs of the
e 104, as shown (operation 1214 of Fgurs 12} In atlesst soms
implementations, fomuing Huwid foed slot 114 after the div 102 & coypled o the
printed circuit board 10481 04b may provide & mure mechanically robust
structurs into which Sud foed slat 114 may be formed as comparsd o forming
fluld fead giot 114 into 8 die without 2 printed circult board 104a/104b, which
miay resull in fewer aracks durning the formation of the fuid feed st 114 n
addiion, handling of the dis 102 may be soiliated by coupling the die 1020
the larger footprint printed circult board 1041040,

0017y Figures 13-17 and 1832 Hustrate other exampses inwhich
slectical connections behwesn the printed circult board 104 and the dis 162
{operation 1208 of Figure 11} may be made affer the winthead dieg 102 are
ambedded & printed ciroult board 14 o condudiors 128 sxposed on the
axtenor of prnted circuit board 104 adjacent o the opening 134, For exampie,
hoard 104 and the dip 0¥ {operation 1206 of Figure 11} may be parformed
after die sttach adhesive 138 is flowed into the gaps sround printhead dip 102
{operation 1208 of Figurs 12} or after the second printad circuit hoard laver
set 104b is coupled o the first printed circllt board layer set 104b {operation
1210 of Figure 131 In some implementations, elsclricsl connsclions belwasn

the printed cirauit board 104 and the die 102 {operation 1206 of Figurs 11}
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sy be performen after i fead slot 114 i plunge-cut Hhirough the second
printed circuit board layer set 104 and into the second surface of the s 102,
as shown (opsration 1214 of Figure 131

{0018] Az shown i Figure 13, @ barier 138 spanning ths opening 134
i the fiest printed croutt board layer set 1048 may form & cavity for receiving
a printhead dis 102 such that & Grst surfacs, the op side, of the dis 102 fsces
the bamier 138 and a second swfsce, the back side, of the die 102 faces
away from the bamer 138 o this example, the first printed cirautt board lavey
st 14a may be a pre-apregnated ("pre-prag”™) with an spory regin o other
suitable adhesive. The sssembly may then be heated 1o flow pre-preg
adhesive 138 into the gaps around printhead dis 102 {0 couple printhead die
108 in the opening 134,

{0019] in Figure 14, & second printed ciroult board layer set 104b is
printed cironlt board layer set 1080 covers the second surfacs, the back side,
of the die 102 second surface, opposite the fivst surfacs, of the printhead dis
102, Printhead structure 100 is then released from bamier 138, as shown in
Figura 15,

{0020] in Figure 18, wires 142 are bonded to conductors 128 on the
grinted oircuil board 1041 04b and the connections encapsulated in an
sncapsulant materdal W4

o0t i Figure 17, & Suid feed slot 114 s plungs-cut through the
sacond grinted sircuit board layer set 104b and inlo the second swifase of the

die 102, as shown.
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o2y Figuras 18-22 show another example for electncally coupling
printed circult board 104a/1080 with printhead die 102, As shown in Figure 18,
8 barnisy 138 spanning the apsming 134 in the first printed cireult boad layer
g8t 10da may form & cavity for receiving 3 printhead dis 102 such that a first
surface the top side, of the die 102 faces the bawier 138 and a second
surtace, the back side, of the dis 102 faces sway o the bardar 138, Ths
first prnded oircuit board layer set 104a may De & pre-prag with an epaxy resin
of other sutable adhesive. The assembly may then be heated to flow pre-prag
adbiesive 136 nio the gaps around printhead dis 102 o couple printhead dis
102 i the opening 134, as show.

[0023] In Figre 18, & second printed circut board layer set 104b i
coupled to the first printed oircut board layer set 104b. As shawn, the second
printad ciroult board layer sel 104b covers the second surface, the back sits,
102, Printhaad structure 100 is then released from barrier 138, as shown in
Figurs 20

[o024) In Figre 21, & malsl race laver may be formed over the printad
circtit hoard 104aM1040 with the slectricsl tsomingls 132 of the printhead die
102, As shown, the printhead die 102 may include g conductive via 148 o
elsciically interconnect conductors 128 with the slecirical termirals 132 I
Vanous implamantations, & protective fayer 148 may be laminated or

deposied over at least a portion of the structure 104

10
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{ao2s] For the vanous mplemesniations desoribad herain, & printad
oircwit board fuid gjection apparatus 100 may enable the use of long, narow
and very thin printhesd diss 102, For exampde, & 100um thick printhesd dig
10 thatis sbout 20mum long and 500w wide can be simbedded in 8 tivun
thick printed circut board 104 1o replace 8 conventional S00um thick silicon
printhead die. Not only s # cheaper and easier to form plunge-cut ink slols
114 in & printed circult board compared to forming feed channalsisidls ina
siicon substrate, byt it iz also cheaper and easier fo form prnting fuid ports
112 i a thinner die 103, For example, ports V12 i 2 HW00um thiok printhead
die 102 may be formed by dry siching and othey suilable mucromachining
technigues nol practical for thicker substrates. Micramachining o high density
afvay of through ports 112 in 3 thin sikoon, glass or oiher substrate rether than
forming conventional siots eaves a stronger subsivate while still providing
adequate printing Suid fow.

{0025] Vanous aspects of the Hlustrative embadimants are desanibed
hereln using terms commonly smploved by those skilied in the st o sonvey
the substancs of their work o others skiled in the &t 1 will be apparent fo
those skitled in the aa that sitemate ambodimants may be praciiced with only
soms of the described aspacis. Por purposes of sxplanation, specific
numbers, materials, and configurations sre set fordh in order o provide 8
thorough understanding of the Hlustrative embodiments. i will be apparsnt to
one skiflsd in the artf that altemsts ambodiments may be pracliced without the
spacific details, In other inslances, weall-known features gve omitted or

simplified i order nol 0 obsaure the Hustrative smbodiments.

11
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oy Although certan smbodiments have been Hlustrated and
described hersin, will be appreciated by those of ordinary skilt in the art that
caicuiated 1o achisve the same purpoesss may be substituled for the
embodiments shown and describad without departing from the scope of this
disciosure. Those wath skill i the arh will readily appreciate that embodimerds
may be implementad in 2 wide vanety of ways. This application is intended to
cover any adaplations or varigtions of the smbuodiments discussed hersin, Bis
manifestly intended, therefore, that embodiments be mited only by the claims

andd the squivalents thereof.

12
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What is claimed i

1. Afluid sjection apparatus comprising:

3 rinthead die having 8 first surface including ot isast one drop

& printed cirouit board including the printhesd die embedded in the
printed Ciroult board such that the al least one diop sjecior s sxposed st a
firat surface of the printed ciroult bosrd, and 5 conductor cawpled o s
conductor an the printhead dig, and

a plunge-cut uid feed slot through which Suid may Sow o the
printhead die, the plunge-cut fluld feed siot extending through & second
surface, opposite ihe fivst strface, of the prnted circult board and indo a

spcond surface, opposits the first surface, of the printhead dis.

2. The apparatus of olaim 1, wherein the printhesd dis includes a Ruid fow
gassage connacted directly o the plunga-cut fuid fesd slol.

3. The apparatus of claim 1, wherain the printhead dis comprises g

prnthead die sliver disposed i an opening i the printed civouit board.

13
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4, The apparatus of claim 1, wherein the printhead dis comprises an
arrangeant of printhesd die slivers gach dispossad i a corresponding

Speiing in the hoard.

8 Tha apparatus of olgim 1, whareln the conductor of the prinded ciroutt
bosrd is coupled 1o the conductar of the prvithead dig by a wire bond.

=

£, The apparatus of claim 1, whersin the conductor of the printed arow

5

o

board is couplad to the conductor of the printhead die by an slectricatly

sonduchive matenal

7. The apparatus of claim &, wherein the elecirically conductive materiat

comgrises saidar,

8, The apparstus of claim 1, wherein the conductor of the printed cirouit
board is slectically coupled 1o the conducter of the printhead dis by 3 metal

frace layer.

2 A i siection SpRarstus comprising:

g purality of printhead diey; and

2 printed ciroult board in which the plursdity of printhead diss s
mountad, the printed circuit board including conduciors couplad {o conductors

of the printhead dies and a plurality of plunge-out fluid feed slots through

14
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which fuld mgy Bow o the printhead diss, sach of the plunge-cut fluid fead

sigte extending into he printed circull board and the printhead des.

10, The apparstus of clgim 8, wherein the poited cirowit board comprises
an elongated prnted circult boand inwhich the printhaad dies are mounisd in
operngs in the printed crowl board and the printhead dies are aranged

ganaraily and fo end along & length of the printed circult board.

110 Acmethod for making & fidd sjsction apparstus, comprising:

mounting 3 printhesd dis having a firsl surface including at least one
drop aecor in an opening of & first prinded cwroolt board layer sel;

coupling & secong prinded circuit board taver set o the first printed
circul! board layer sot 1o cover a second surface, opposits the Biest surface, of
the printhead dig

plungs-cutling & flud Tead siot through the second printed circust board
layer set and into the second surface of the printhead dis such that fuld may
flow through the fuid fead siot o the printhead die; and

coupling a congustor of the first printed circul! boarnd layersetios

conductor of the printhsad dis.
12, Themsthod of claim 11, whereln said mounting the printhsad die

comprises mounting the printhesd dis including a substrate having st lsast

on povt Huidically coupled o the at least drop giactor, the al least one port

15
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through o the sacond surface of the printhead dis,

13 The msthod of claim 12, wherelh said plungs-cutting the Thud fead siot
comprises plungs-cutting the fluid feed slof into the second surface of the
printhead dis to sxpose the at least one port such that fuid may Sow through

the flad fead glof to the al lzast one drop sjecior.

14, The method of claim 11, wherain e printhead dis compases 8
printhead die siiver, and wherein the method further comprises pevforming,
before said coupling the second printed ciroult board aver sat to the first
printed circud board Byer st

applying 8 barrder over the ppaaing;

placing the printhead die sliver in the opening and against the bamsern

fowing adhesive arcund the printhead die sliver o adhere the printhead
die sliver in the apening; and

remaving the barrer covering the opaning.

1B The method of claim 11, whersin said coupling the conducior of the first
printed oircilt boged tayer set o the conducior of the printhead dis comprises
eoupling the conductor of the first printed circult board laver sef to the
conducior of the printhead die by 3 solder bond, 3 wirg bond, ora metal frace

laver.

16
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