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WO 2018/144012 PCT/US2017/016449

FUNCTIONALLY VERSATILE CASSETTES

BACKGROUND

f0001] An‘assayruny is an investigative or analytic event used in, for
example, laboratory medicing, pharmacology, analytical chemistry,
environmental biclogy, or molecular biclogy, for qualitatively assessing or
quantitatively measuring the presence, amount, or the functional activity of a
sample. The sample may be a drug, a genomic sample, a proteomic sample, a
biochemical substance, a cell in an organism, an organic sample, or other
inorganic and organic chemical samples. An assay run may measure an
intensive property of the sample and express it in the relevant measurament unit
such as, for example, molarity, density, functional activity in enzyme
international units, degree of some effect in comparison to a standard, among
other measurable characteristics. An assay may involve reacting a sample with
a number of reagents, and may be classified as an instance of an assay
procedure conforming 1o an assay protocel. An assay protocol may involve a
set of reagent and/or sample fluids being dispensed in specific amounts to a
number of assay reaction sites such as wells within an assay plate. Further, an
assay protocol may include additional processing such as mixing, separation,
heating or cooling, incubation, and eventually at least one read-out. The
reproducibility and run-{o-run comparability of an assay depends on the

reproduction of its protocol.
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BRIEF DESCRIPTION OF THE DRAWINGS

0002] The accompanying drawings illustrate various examples of the
principles described herein and are a part of the specification. The Hliusirated
examples are given merely for illustration, and do not limit the scope of the
claims.

{0003] Fig. 1is a block diagram of a Tluid ejection device according o
an example of the principles described hearein.

0004] Fig. 2 is a block diagram of a system for gjecting a fluid into an
assay according to an example according to an example of the principles
described herein.

f0008] Fig 3is afront, perspective view of a first blank cassetie
according to an exampie of the principles described herein.

{0006] Fig. 4 is a back, perspective view of the first volume cassetie of
Fig. 3 according to an example of the principles describad harein.

0007] Fig. 5is afront, perspective view of a second volume casselte
according to an exampie of the principles described herein.

{0008] Fig. ©is a back, perspective view of the second volume
cassetle of Fig. 5 according to an example of the principles described hersin.

[0009] Fig. 7 is a back, plan view of the blank cassstie of Fig. 1
according to an example of the principles described herein.

(00107 Fig. 8 is a back, plan view of the blank cassette of Fig. 1 as
viewed in circle B of Fig. 7 according to an example of the principles described
herein.

(00113 Fig. 9is a back, plan view of the blank cassette of Fig. 1 as
viewed in circle C of Fig. 8 according to an example of the principles described
herein.

00123 Fig. 10 is a back, plan view of the blank cassetts of Fig. 1 as
viewed in circle G of Fig. 8 according to an example of the principles described

herein.
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10013} Fig. 11 is a back, plan view of the blank cassette of Fig. 1 as
viewed in circle C of Fig. 8 according to an exampie of the principles described
herein.

f0014] Fig. 12 is a perspective view of the blank cassette (105) of Fig.
1 interfaced with a printed circuit assembly (PCA) of a cassetie interface of an
assay fluid dispenser driver according to one example of the principies
described herein.

{0015] Fig. 13 is a front plan view of a blank cassette including a
plurality of dispense heads according to one example of the principles described
herein.

{0016] Fig. 14 is a block diagram of a system for gjecting a Tluid into
an assay according to one example of the principles described herein.

{0017] Fig. 15 is a flowchart showing a method of forming a cassette
according to an example of the principles described herein.

f0018] Throughout the drawings, identical reference numbers

designate similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

{0019] Assay runs as described above have been done by hand
using, for example a pipette. In order to complete the assay, a user may
selectively take a sample using the pipetie and gject a metered amount of the
sample into individual wells of an assay plate. This is all done by hand and has
proven to be time consuming. Additionally, because a human is ejecting the
samples into the individual wells of the assay plate, mistakes may be made and
an extra amount of the sample may be added to any particular well or a portion
of sample may not be added at all.

f0020] To place user interaction to a minimum, automated assay fluid
dispensing systems have been developed that may dispense assay fluids, e.g.,
samples and reagents, in a precise, controlled fashion to multiple reaction sites
within an assay plaie in a short time.  For example, a carefully formulated

mixiure of several reagents, including a target species of interest, may be
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carefully formulated at multiple reaction sites for the testing of a set of test
sample reagents at multiple concentrations. This allows many reactions {o
proceed contemporaneously. The automation reduces user effort and user-
caused variability, while the concurrency further reduces the time to complete a
complex assay.

{0021] The automated assay fiuid dispensing systems may interface
with, for exampile, a fluid gjection device that in the form of a cassette. When
the user interfaces the cassette with the automated assay fluid dispensing
system, the system may direct the cassette o gject a fluid through a die coupled
to the cassette. The gjection of the fiuid by the die aliows for a quick, accurate,
and reliable process of completing an assay.

{0022] Inan example, the present specification, describes a fluid
gjection device that includes a blank cassetie that includes a substrate, a die
coupled 1o the substrate, a number of assigned electrical traces formed on the
substrate, and a number of unassigned electrical traces formed on the
subsirate. At least one wirebond may couple at least one of the unassigned
glectrical traceas to the die thereby assigning at least one function to the fluid
gjection device.

f0023] In an exampile, the fluid gjection device may include a first
wirgbond of the at least one wirebond coupled betweaen a first die pad of the die
and a first unassigned trace provides a first function different from the first
wirebond of the at least one wirebond coupled between the first die pad of the
die and a second unassigned trace. Additionally, or alternatively, the fluid
gjection device may include a first wirebond of the at least one wirgbond
coupled between a first die pad of the die and a first unassigned trace provides
a first function different from second wirebond of the at least one wirebond
coupled between a second die pad of the die and a second unassignead trace.

i0024] Additionally, or alternatively, the fluid gjection device may
incliude at least two unassigned electrical fraces being coupled with the at least
one wirebond to form a connect detect verifying that the electrical traces are

coupled to control logic.
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f0025] Additionally, or alternatively, the fluid ejection device may
include a number of assigned electrical traces coupled to control logic via at
least one wirebond.

f0026] The present specification further describes a method of forming
a cassette that includes forming at least one dispense head including forming a
monolithic substrate, coupling a fluid gjection die to the substrate, forming a
number of assigned traces on the substrate, forming a number of unassigned
traces on the substrate, and electrically coupling at least one of the unassigned
electrical traces to the fluid gjection die assigning at least one function o the
cassetie.

f0027] In an example, the meathod of forming a cassetie may include
glectricaily coupling each of the number of the assigned traces o a die pad of
the fluid gjection die based on an assigned function of the cassetie with regard
to the respective assigned traces.

f0028] Additionally, or alternatively, the method of forming a cassette
may include electricaily coupling at least one of the unassigned electrical traces
to the fluid ejection die including electrically coupling at least one of the
unassigned electrical traces to a die pad of the fluid ejection die based on a
target function of the cassstie.

f0029] Additionally, or alternatively, the method of forming a cassette
may include using laser direct structuring (LDS) o form the assigned and
unassigned traces.

f0030] Additionally, or alternatively, the method of forming a cassette
may include mounting a plurality of dispense heads within a frame.

{0031] Additionally, or alternatively, the method of forming a cassette
may include wirebonding at least two of the plurality of dispense heads to
provide at least two different functions to their respective dispense heads. In
this example, the method of forming a cassetie may also include mounting the
at least two of the pluralily of dispense heads within a frame.

{0032] The present specification further describes a system for
gjecting a fluid info an assay including a blank cassette including at least one

dispense head including a substrate, a die coupled to the substrate, a number of
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assigned elecirical traces formed on the substrate, a number of unassigned
glectrical tracas formed on the substrate, and at least one wirebond coupling at
least one of the unassigned electrical traces to the die assigning at least ong
function to the fluid gjection device whearein the system further includes a
controlier communicatively coupled to the die io insiruct the die to eject an
amount of the fluid.

0033] Inan example, a plurality of dispense heads may be included
within the system with the dispense heads being integrated into a frame.

f0034] Additionally, or alternatively, a first wirebond of the at least one
wirgbond coupled between a first die pad of the die and a first unassigned trace
provides a first function to the cassette different from the first wirebond of the at
least one wirebond coupled between the first die pad of the die and a second
unassigned frace.

f0038] Additionally, or alternatively, a first wirebond of the at least one
wirebond coupled between a first die pad of the die and a first unassigned trace
provides a first function different from second wirebond of the at least one
wirebond coupled between a second die pad of the die and a second
unassigned frace.

f0036] As used in the present specification and in the appended
claims, the term “a number of’ or similar language is meant to be undersiood
broadly as any positive number comprising 1 to infinity.

f0037] In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the present systems and methods. It will be apparent,
however, to one skilled in the art that the present apparatus, systems and
methods may be practiced without these specific details. Reference inthe
specification to “an example” or similar language means that a particular
feature, structure, or characteristic described in connection with that example is
included as described, but may or may not be included in other examples.

f0038] Fig. 1is a block diagram of a fluid ejection device (100)
according to an example of the principles described herein. The fiuid gjection

device (100) may include a blank cassette (105). The blank cassette (105) may
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include a substraie (110), a die (115) coupled to the substrate (110), a number
of assigned electrical traces (120) formed on the substrate (110), and a number
of unassigned electrical traces (125) also formed on the subsirate (110). The
fiuid ejection device {(100) may further include at least one wirebond (130}
coupling at least one of the unassigned electrical traces (125) to the die {115)
thereby assigning at least one function o the fluid gjection device (100).

0039] As used in the present specification and in the appended
claims, the term “blank cassetie” is meant 1o be undersiood as a cassette that
includes the assigned electrical traces (120) and unassigned electrical traces
(125) but does not yet include any wirebonds electrically coupling either the
assigned electrical traces (120) or unassigned electrical traces (125) {o the die
{115).

f0040] The substrate (110) may be any monolithic piece of material
onto which the die (115) is coupled and the assigned electrical traces (120} and
unassigned electrical traces (125) are formed. In an example, the substrate
{(110) may be made of a thermoplastic material. A reservoir with a fluid aperture
defined in the reservoir may be formed on the substrate (110). The fiuid
aperture allows for an assay fluid to move from one side of the substrate (110)
to another. The substrate (110) may include a handle to allow a user to touch,
pick up, and move the blank cassette (105) without contaminating the reservoir
or an assay fiuid deposited therain.

i0041] The die (115) may be coupled {0 the substrate (110) opposite the
reservoir on the substrate (110) and in line with the fluid aperture. In one
example, the die (115) may be, for example, a microslactromechanical system
(MEMs) device. In another example, the die may be a device that ejects fluid
therefrom using, for example, a piezoelectric device or thermal resistive device.

{0042] The reservorr is fluidically coupled to the die (115) by the fluid
aperture so that the assay fluid may be introduced to the die (115) to allow the
die (115} to gject the assay fluid into a number of the wells of the well plate as
instructed by, for example, an assay fluid dispensing system.

f0043] The assigned electrical traces (120) and unassigned electrical

traces {125) may be formed along any surface of the substrate (110) and may
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glectricaily couple the die (115) to a number of contact pads also defined on the
substrate (110}, The assignead electrical traces (120}, unassigned electrical
traces (125), and contact pads may be formed on the substrate (110) using, for
axample, a laser direct structuring (LDS) process. In this example, the
substrate (110} may be made of a thermoplastic material that has been doped
with a non-conductive, metallic, inorganic compound. A laser may eich a
number of portions of the thermoplastic material at locations on the substrate
(110) where the assigned electrical tfraces (120), unassigned electrical traces
(125), and contact pads are {o be formed. In 50 doing, the non-conductive,
metallic, inorganic compound is exposed. The subsirate (110) may then be
dipped into, for example, a copper bath where the copper attracts to the non-
conductive, metallic, inorganic compounds and forms that assigned electrical
traces (120), unassigned electrical traces (125), and contact pads.

i0044] In an example, the electrical components of the examples of
the blank cassetie (105) including the contact pads, the vias, the traces, and the
wirebonds (130) may be formed using a deposition process where a conductive
material is deposited on the substrate (110). In this example, the conductive
material may be deposited using, for example, a three-dimensional (3D} printing
device.

{0045] The assigned electrical traces (120) are those traces that
interface with a number of connections of an assay fluid dispensing system and
are designed to aliow the assay fluid dispensing system {0 interface with the die
(115} in an assigned manner. For example, the assigned electrical traces (120)
may be connected to a number of contact pads that have been assigned the
following functions: Ground and/or an Assignable; Data; Clock; Fire; Assignable;
VDD (source voltage); Ground, and Thermal Sense Resistor (TSR}, among
others. The examples of contact pad assignmenis described herein is meant
merely as an example, and other contact pad assignments to which the
assigned elecirical traces {(120) are associated with may be made.

{0046] During manufacture of the blank cassette (105) of the fluid
gjection device {(100), the assigned electrical fraces (120} may not be electrically

coupled to the die (115) using a number of wirebonds {(130). Instead, the
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assigned elecirical traces {(120) may be assigned according to the above
cortact pad assignment as dictated by the assay fluid dispensing system.
However, after the blank cassette (105) has been formed, the completion of the
assignment of the assigned electrical traces (120) may be made by connecting
the assigned electrical traces (120) to particular die pads defined on the die
{115). The connection is made using a wirebond for each of the assigned
electrical traces (120).

0047] The unassigned electrical traces (125) are those traces that
remain unassigned after the formation of the blank cassetie (105}, The
unassigned electrical traces (125) are unassigned because if wirebonded to the
die (115), additional functionality may be realized in the blank cassetie (105).
Specifically, if the unassigned electrical traces (125) are never electrically
connected to the die (115), the assay fluid dispensing system may detect this
and provide no signals to the unassigned electrical traces (125) and their
respective contact pads defined on the substraie (110). In this example, the
assigned electrical traces {(120) may continue to function as described above
and continue fo allow the assay fluid dispensing system to send signals to the
die (115} to allow for, at least, the gjection of the fluid from the fluid ejection
device (100).

{0048] However, if the unassigned elecirical iraces (125) are
eventually coupled to the die {113) using a wirebond (130), the assay fiuid
dispensing system may detect this connection via, for example, a signal
request. Signals may then be sent {o the die (115) by the assay fluid dispensing
system to cause the die {115) to function differently or include additional
functionality based on how any of the unassigned electrical traces (125) are
electricaily coupled {o the die (115) through the wirebonds (130). By first
manufacturing a blank cassette (105), the unassigned elecirical fraces (125)
remain unassigned to allow for various assignable functionality to be realized in
the blank cassetie (105) based on product specifications as dictated by a user-
desired functionality in the fluid ejection device (100). Thus, the manufacturer of
the fluid gjection device {100) may first construct the blank cassette (105) in

anticipation of adding the wirebonds (130) to, ail least, the unassigned electrical
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traces {125) to meet any number of described specifications later. This allows
for greater flexibility in manufacture of the fluid gjection device (100) and aliows
for mass production of the blank casseties (105) and later personalization of the
function of each of the blank cassettes (105). Additionally, the die (115) may be
more versatile in functionality due to the ability to develop ad-hoc functionalities
through the placement of wirebonds (130) between die pads of the die (115}
and the unassigned electrical fraces (125), placement of wirebonds (130)
betweaen unassigned electrical traces (125) themselves, or combinations
thereof.

f0049] Assigning the unassigned electrical fraces (125) allows for the
production of a myriad of different fluid ejection devices (100) with different
functionalities. Several examples of these different functionalities will now be
provided. In afirst example, at least two of the unassigned electrical traces
(125} may be coupled together using a wirebond (130). By coupling the two
unassigned electrical traces (125) together, the assay fluid dispensing system,
when the fluid ejection device (100} is coupled thereto, may send a signal
across the at least two unassigned electrical traces (125). This forms a connect
detect that allows the fluid gjection device (100) to detect the signal sent and
determine that, for example, the interface between the fluid ejection device
(100) and the assay fluid dispensing system is complete, the fluid gjection
device (100} is properly aligned relative to the interface of the assay fluid
dispensing system, or combinations thereof.

{0050] The different functionalities may also be dependent on the
characteristics of the die (115) itself. The die (115) may be a MEMS device that
includes a number of mechanical devices that provide this additional
functionality. iIn any example described herein, the die (115) may include more
or less of these mechanical devices to support these additional functions. Some
examples of these devices may include sensors, mixars, pumps, filters, heaters,
coolers, chemical analyzers, electromagnetic irradiation devices, piezoelectric
devices, and thermoresistive devices, among others. The sensors may include
temperature sensors, viscosity sensors, particie sensors, particle size sensors,

fiuid composition sensors, impedance sensors, pH level sensors, and fluid
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volume sensors, among others. Each of these devices and sensors may be
physically coupled to or integrated into the die (115). Additionally, or
alternatively, each of the devices and sensors may be in electrical
communication with any of a number of die pads formed on an exterior surface
of the die (115). As described herein, as the wirebonds (130) electrically couple
the unassigned electrical traces (125) to the die pads, the functionalities of the
devices and/or sensors are realized.

f0051]  In any example described herein, at least one unassigned
electrical trace (125) may be wirebonded to a die pad such that the wirebonded
(130) connection allows an assay fluid dispensing system to detect the devices
and sensors, and their associated functionalities within the die (115).
Consequently, in any example described herein, any number of types of dies
{115) with varying functionalities may be coupled to the substrate (110) of the
blank cassette (105) while still allowing the assay fluid dispensing system to
take advantage of the myriad of different functionalities of these sensors and
devices. This also eliminates the process of manually updating the assay fluid
dispensing system regarding the type of die (115) included in the blank cassette
(105). In this example, the assay fluid dispensing system may detect the
functionality of the die (115) in this manner, and utilize a lock-up table stored in
a memory device associated with the assay fluid dispensing system {o
determine the type and functionality of the die (115).

f0052] Further, in any example described herein, the die (115)
included in the blank cassetie (105) may be identical in each blank cassette
(105) and may include identical sensors and devices. In these examples, the
wirebonding of the wirebonds {130) between the unassigned electrical traces
(125} and the die pads define the functionality of the die (115) within each of the
individual blank casseites (105).

f0053] In any example described herein, a number of dispense heads
that include at least the die (115), assigned elecirical traces (120), unassigned
glectrical traces (125), and wirebonds (130) may be placed within a frame. In
this example, the frame may include any number of dispanse heads each with

their own dies (115), assigned electrical traces (120), unassigned electrical
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traces {125), and wirebonds (130). During operation of the assay fluid
dispensing system, a frame including these dispense heads may be interfaced
with a number of connectors of the assay fluid dispensing sysiem. Because the
functional properties of each of the dies (115) may be varied, the frame may
include any number of different types of dies (115) with any number of different
functions assigned based on the placement of their respective wirebonds (130).
Thus, during operation of the assay fluid dispensing system, a first fluid may be
gjected from afirst die (115), a second fluid may be fillered and gjected from a
second die {(115), a third fluid may be titrated and ejected from a third die (115),
a number of empirical properties of a fourth fluid may be sensed and then
gjected by a fourth die (115}, among other examples of fluid sensing,
manipulation, and ejection. Although the above is meant merely as an exampie,
the present specification contemplates the use of any dispense head to be
coupled within a group of dispense heads into a frame and used for any
functional purpose as described herein.

i0054] Fig. 2is a block diagram of a system (200) for ejecting a fluid
into an assay according to an example according to an example of the principles
described harein. The system {200} may include at least one dispense head
(205). The at least one dispense head (205) may include a blank cassette (105)
that includes a substrate (110}, a die (115) coupled to the substrate (110), a
number of assigned electrical traces (120), and a number of unassigned
electrical traces (125). The system {200} may further include at least one
wirebond (130) coupling at least one of the unassigned electrical traces (125) to
the die (115) assigning at least one function to the dispense head (205). The
system (200) may further include a controller (210) communicatively coupled to
the die {(115) io insiruct the die {115) to eject an amount of the fluid.

f00558] The sysiem (200) may include similar elements as those
described above in connection with Fig. 1 and similar reference numbers may
be used to denote similar elements. The system {200) includes the blank
cassette (105) and wirebonds (130) as described in Fig. 1. Additionally, the
system (200) a controller (210) communicatively coupled to the die (115) to

instruct the die (115) o, at least, gject an amount of the fluid. The controller
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(210) may be electrically coupled to the die (115} through an interface of an
assay fluid dispensing system, a number of contact pads defined on the
substrate {110), and number of assigned elecirical traces (120) defined on the
substrate {110}, a number of unassigned electrical traces (125) defined on the
substrate (110}, and the wirebonds (130) as described above.

{0056] The controller (210) may include the hardware architecture to
refrieve executable code from a data storage device and execute the executable
code. The executable code may, when executed by the controller (210), cause
the controller {210) to implement at least the Tunctionality of sending any
number of electrical signails to the die (115), according to the methods of the
present specification described herein. In the course of executing code, the
cortrolier (210) may receive input from and provide output to a number of
hardware units as described herein.

f0057] The system (200) may be ulilized in any data processing
scenaric including, stand-alone hardware, mobile applications, through a
computing network, or combinations thereof. Further, the system (200) may be
used in a computing network, a public cloud network, a private cloud network, a
hybrid cloud network, other forms of networks, or combinations thereof. In one
example, the methods provided by the system (200) are provided as a service
over a network by, for example, a third party. The present system (200) may be
implemented on one or multiple hardware platforms, in which the modules in the
system (200) can be executed on one or across multiple platforms. Such
modules can run on various forms of cloud technologies and hybrid cloud
technologies or offered as a SaaS (Software as a service) that can be
implemented on or off the cloud. iIn another example, the methods provided by
the system (200) are executed by a local administrator.

f0058] To achieve its desired functionality, the system (200)
comprises various hardware components. Among these hardware components
may be a number of controllers (210), a number of data storage devices, a
number of peripheral device adapters, and a number of network adapters.
These hardware components may be interconnected through the use of a

number of busses and/or network connections. In one exampie, the controller
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(210), data storage device, peripheral device adapters, and a network adapter
may be communicatively coupled via a bus.

{0059] The data storage device may store data such as executable
program code that is executed by the controller (210) or other processing
device. As will be discussed, the data storage device may specifically store
computer code representing a number of applications that the controller (210)
executes to implement at least the functionality described herein.

{0060] The data storage device may include various types of memory
modules, including volatile and nonvolatile memory. For example, the data
storage device of the present example includes Random Access Memory
(RAM)}, Read Only Memory (ROM), and Hard Disk Drive (HDD) memory. Many
other types of memory may also be utilized, and the present specification
cortemplates the use of many varying type(s) of memaory in the data storage
device as may suit a particular application of the principles described herein. In
certain examples, different types of memory in the data storage device may be
used for different data storage. For example, in certain examples the controller
{210) may boot from Read Only Memory (ROM), maintain nonvolatile storage in
the Hard Disk Drive (HDD) memory, and execute program code stored in
Random Access Memory (RAM).

{0081] Generally, the data storage device may comprise a computer
readable medium, a computer readable storage medium, or a non-transitory
computer readable medium, among others. For example, the data storage
device may be, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing. More specific examples of the
computer readable storage medium may include, for exampile, the following: an
electrical connection having a number of wires, a portable computer diskette, a
hard disk, a random-access memory (RAM), a read-only memory (ROM), an
grasable programmabile read-only memory (EPROM or Flash memory), a
portable compact disc read-only memory (CD-ROM), an optical storage device,
a magnetic storage device, or any suitable combination of the foregoing. Inthe

context of this document, a computer readable storage medium may be any
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tangible medium that can contain, or store computer usable program code for
use by or in connection with an instruction execution system, apparatus, or
device. In another exampie, a computer readable storage medium may be any
non-transitory medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device.

{0062] The hardware adapters in the system (200) enable the
controlier {210} to interface with various other hardware elements, external and
internal to the system (200). For example, the peripheral device adapters may
provide an interface to input/output devices, such as, for example, display
device, a mouse, or a keyboard. The peripheral device adapters may also
provide access to other external devices such as an external storage device, a
number of network devices such as, for example, servers, switcheas, and
routers, client devices, other fypes of computing devices, and combinations
thareof,

f0063] The display device may be provided {o allow a user of the
system (200) to interact with and implement the functionaiity of the system
(200). The peripheral device adapters may also create an interface between the
controlier {210) and the display device, a printer, or other media output devices.
The network adapter may provide an interface o other computing devices
within, for exampile, a network, thereby enabling the transmission of data
between the system (200) and other devices located within the network.

i0064] The display may, when executed by the controller (210),
display the number of graphical user interfaces (GUls) on the display device
associated with the executable program code representing the number of
applications stored on the data storage device. Examples of display devices
include a computer screen, a lapiop screen, a mobile davice screen, a personal
digital assistant (PDA) screen, and a tablet screen, among other display
devices.

{0065] Fig 3is afront, perspective view of a first blank cassette (105),
according to one example of the principles described herein. Further, Fig. 4 is a
back, perspective view of the first blank cassette (105} of Fig. 3 according to an

example of the principles described herein. The first blank cassstte (105)
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includes a reservoir (102) defined in the substrate {(110) having a first volume.
Further a fluid aperture (103} may couple the reservoir (102) to a proximal side
of the die {115) allowing an amount of fluid to pass through the die (115) and be
gjectad by, for example, a piezoelectric davice or thermorasistive device in the
die (115).

{0066] The fluid aperture (103) allows for an assay fluid to move from
one side of the substrate (110) to another. The substrate (110) may include a
handle (150) to allow a user o touch, pick up, and move the blank cassette
{105) without contaminating the reservoir (102} or an assay fluid deposited
therein.

00671 The die (115) may be coupled to the substrate (110} on an
opposite side of the reservoir (102) and in line with the fluid aperture (103). In
an example, the die (115) may be, for example, a microslectromechanical
system (MEMs) device. In ancother example, the die (115) may be a fluid
gjection device.

f0068] The reservoir (102} is fluidically coupled to the die (115) by the
fiuid aperture (103) so that the assay fluid may be introduced to the die (115) to
allow the die {(115) to gject the assay fluid into a number of the wells of a wel
plate as instructed by an assay fluid dispensing system (200).

{0068] A number of glectrical components are included on the front
and back surfaces of the substrate (110). The electrical components may be
made of any electrically conductive material to aliow for electrical signals to be
sent betweaen the assay fluid dispensing system (200) and the die (115). For
example, a number of contact pads (112-1, 112-2, 112-3, 112-4, 112-5, 112-6,
112-7, 112-8, 112-9, 112-10, collectively referred {o herein as 112) may be
included on the front surface of the substrate (110). The contact pads (112)
provide for an electrically conducive interface between the assay fluid
dispensing system (200) and the blank cassetie (105).

{0070] A number of vias {106-1, 106-2, 106-3, 106-4, 106-5, 106-6,
106-7, 106-8, 106-9, 106-10, collectively referred {o herein as 108) may be
formed in the substrate (110) and electrically coupled to the contact pads (112).

The vias {(106) may be any electrical connection that goes through the substrate

16



WO 2018/144012 PCT/US2017/016449

{(110) and couples the coniact pads (112) to a number of electrical componenis
on the opposite side of the substrate (110).

0071] A depicted in Fig. 4, the vias (108) are coupled on the opposite
side of the substrate (110) to a number of traces (107-1, 107-2, 107-3, 107-4,
107-5, 10786, 107-7, 107-8, 107-9, 107-10, collectively referred to herein as
107). The traces (107) may be coupled o the die (115) using a number of
wirebonds (130) coupled between a number of die pads (109) of the die (115).
Although one wirebond (130) coupled between a trace (107) and a die pad
(109} is depicted in Fig. 4, any number of wirebonds (130} may be used to
electrically couple the die (113) to an assay fluid dispensing system (200} to
allow control signals for controlling the die {115) to run from the assay fluid
dispensing system (200), through the contact pads (112), the vias (106), the
traces {(107), and the wirebonds (130), to the die pads (109) of the die (115).

f0072] Fig 5is afront, perspective view of a second blank cassette
(105) according to one example of the principles described herein. Further, Fig.
8 is a back, perspective view of the second blank cassetie (105) of Fig. &
according to one example of the principles described herein. The second blank
cassette (105) includes elements identical to the first blank cassette (105)
gxcept for the volume of fluid that may be introduced into the reservoir (102).
The reservoir (102} in the example of Figs. 3 and 4, may be relatively smaller
than the reservoir (102} in the example of Figs. S and 6. In one example, the
reservoir (102) of Figs. 3 and 4 may be sized to contain approximately 20
microliters of fluid, while the reservoir (102) of Figs. 5 and 6 may be sized to
contain a fluid volume greater than 20 microliters.

f0073] Fig 7 is a back, plan view of the blank cassetie (105) of Fig. 1
according to one example of the principles described herein. Further, Fig. 8is a
back, plan view of the blank cassette (105) of Fig. 1 as viewed in circle B of Fig.
7 according to one example of the principles described herein. Even further,
Fig. 9is a back, plan view of the blank cassetie (105) of Fig. 1 as viewed in
circle C of Fig. 8 according to one example of the principles described herein.
Even though the first blank cassetie (105) is used in describing the offset layout

of the vias (106), the second blank cassette (105) and its electrical component
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layout may be described in an identical manner. For convenience in
understanding the wirebonds (130}, some reference numbers have been
omitied.

f0074] Figs. 7 and 8 are provided to show detail with regard to the
vias (106} and trace (107) of the blank cassetie (105) and their layout thereon.
Figs. 9-11 are provided to show specific detail with regards to the wirebonds
{130) relative to their position in coupling the traces (107} to the die pads (109)
of the die (115). Thus, elements depicted in Figs. 7 and 8 are described herein.
The wirebonds (130) depicted in Figs. 8-11 couple the assigned electrical traces
(107-2, 107-3, 107-4, 107-7, 107-8, 107-9) to their respective die pads (109).
Again, during manufacture of the blank cassette (105) of the fluid gjection
device (100}, the assigned electrical traces (107-2, 107-3, 107-4, 107-7, 107-8,
107-3) may not be electrically coupled {o the die (115) using a number of
wirgbonds (130). Instead, the assigned electrical traces (107-2, 107-3, 107-4,
107-7, 107-8, 107-9) may be assigned according to the above contact pad
assignment as dictated by the assay fluid dispensing system. However, after
the blank cassette (105} has been formed, the completion of the assignment of
the assigned electrical traces (107-2, 107-3, 107-4, 107-7, 107-8, 107-9) may
be made by connecting the assigned electrical traces (107-2, 107-3, 107-4, 107-
7, 107-8, 107-9) 1o particular die pads defined on the die (115). The connection
is made using a wirebond (130) for each of the assigned electrical fraces (107-
2, 107-3, 107-4, 107-7, 107-8, 107-9). In the exampiles of Figs. 8-11, the
wirgbonds (130) coupling the assigned electrical traces (107-2, 107-3, 107-4,
107-7, 107-8, 107-9) to the die (115) are coniemplated and common among all
blank cassettes (105) being manufactured. Thus, their connection to specific
die pads (109) of the die (115) provide the basic functionality of the die (115)
stuch as fluid gjection, data transfer, powering of the die, providing firing signals,
providing a clock signal, providing a ground, interaction with a TSR, and other
functions commaon among all manufactured blank cassettes (105). Even though
these functions are identified in the present specification as being common
among all biank cassettes (105), fewer or more Tunctionality may be considered

to be common among the manufactured blank casseties (105).
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f0075] The unassigned electrical traces (107-1, 107-5, 107-6, 107-10)
are those traces that remain unassigned after the formation of the blank
cassette (105). Figs. 9-11 include four unassigned electrical traces (107-1, 107-
&, 107-6, 107-10), fewer or more of the electrical traces (107) may be indicated
as unassigned and may be coupled {o the die (115) using wirebonds (130) in
order to provide further functionality to the die (115). The unassigned electrical
traces {107-1, 107-5, 107-6, 107-10) are unassigned because if wirebonded to
the die (115), additional functionality may be realized in the blank cassette
{105). Specifically, if the unassigned slectrical traces (107-1, 107-5, 1076, 107-
10} are never electrically conneacted o the die {(115), the assay fluid dispensing
system may detect this and provide no signals 1o the unassigned electrical
traces (107-1, 107-5, 107-6, 107-10) and their respective contact pads defined
on the substrate (110). Figs. 8-11 show specific examples of wirebond (130)
fayouts with respect to the unassigned electrical traces (107-1, 107-5, 107-8,
107-10). However, any specific layout may be realized through the versatility of
the wirebonding patterns in association with the unassigned electrical traces
(107} and the present specification contemplates these other wirebonding
patterns.

f0076] Fig. 9 shows a number of wirebonds (130} coupled to a
number of unassigned electrical traces (107-1, 107-5, 107-6, 107-10). In the
example of Fig. 8 a single wirebond (130) connects a single unassigned
electrical trace (107-1, 107-5, 107-6, 107-10) to a respective die pad (109) on
the die (115). In this example, the additional functionality imposed on the die
{(115) resulting from the addition of the wirebonds (130) may be determined by
those MEMS devices within the die (115). As described herein, the system
(200} may detect those connections created by the wirebonds (130) by sending
a sensing signal through the unassigned electrical traces (107-1, 107-5, 1076,
107-10) and identifying those MEMS devices within the die (115) associated
with the die pads (109} to which the wirebonds (130) are coupled. Additionally,
or alternatively, the system (200) may detect the type of die (115) being used
and implement a look-up table to determine the added functionality resulting

from the placement of the wirebonds (130).
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00771 Fig 10 is similar to that of Fig. 9 by showing & number of
wirebonds (130) coupled to a number of unassigned electrical traces (107-1,
107-5, 1076, 107-10). However, in this example several wirebonds (130) are
coupled between a common unassigned electrical trace (107-1, 107-5, 107-6,
107-10) and a plurality of die pads (109). In these examples, a signal may be
passed across an unassigned electrical trace (e.g., 107-10) and through a
plurality of wirebonds (130} and into a respective plurality of die pads (108) on
the die (115). This signal may be used, therefore, to activate or otherwise
implement a plurality of MEMS devices built into the die (115) using a common
signal. For example, a plurality of fluid pumps may be simultaneously activated
using this single signal from the system (200).

{0078] Inthe examples shown in Fig. 10 certain wirebonds (130} pass
over an unassigned electrical trace {e.g., 107-1 and 107-10) in order to be
coupled to ancther unassigned electrical trace (e.g., 107-5, 107-6). In this
example, the wirebond {(130) may be insulated from the first unassigned
glectrical trace {e.g., 107-1 and 107-10) and electrically coupled to the second
unassigned electrical trace (e.g., 107-5 and 107-8). iInFigs. 9-11, the dots at
the ends of the wirebonds {130) indicate the terminus of the wirebonds (130).

f0079] Fig. 11 is similar to that of Figs. © and 10 by showing a number
of wirebonds (130) couplaed to a number of unassigned electrical traces (107-1,
107-5, 1076, 107-10). Howsever, in this example, a wirebond (130) may be
used to couple a plurality of unassigned electrical traces (107-1, 107-5, 107-8,
107-10) to one anocther as described herein. This allows for the system (200) to
execute a connect detect operation in order {o discover proper connection of the
blank cassette (103) to the interface of the system (200).

{0080] Fig. 12 is a perspeciive view of the blank cassette (105) of Fig.
1 interfaced with a printed circuit assembly (1203} (PCA) of a cassetie interface
of an assay fluid dispenser driver (1200) according to one example of the
principles described herein. The assay fluid dispenser driver (1200) may serve,
in an example, as the system (200) described herein. As depicted, the assay
fluid dispenser driver (1200) includes a cassette interface (1202) and a PCA
(1203). Although the first blank cassetie (105) of Figs. 3 and 4 is depicted in
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Fig. 12, the blank cassette (105) of Figs. 5 and & may also function and be
utiized in a similar manner.

0081] In one example, the blank cassette (105) may interface with
the PCA (1203), a cassetie interface {1202}, and the assay fluid dispenser
driver {1200) by inserting the blank cassette {105} along a number of alignment
surfaces or registers of the assay fluid dispenser driver (1200) in the direction of
arrow {1204). In ancther example, the PCA (1203} and/or the blank cassette
(105 may move in the directions indicated by arrow (1214) to interface the
blank cassette (105) with the PCA (1203). In this exampile, the blank cassetie
(105) may be placed in a station of the assay fluid dispenser driver (1200), and
the assay fluid dispenser driver {1200) moves the PCA (1203) onto the biank
cassette (105) in the direction of arrow (1214) until contact between the PCA
(1203) and the contact pads (112} of the blank cassetie (105) is achieved. In
still another example, a combination of inserting a blank cassette (105) along a
number of alignment surfaces of the assay fluid dispenser driver (1200} in the
direction of arrow (1204) and the movement PCA (1203} and/or blank casselte
(105} in the directions indicated by arrow (1214) may be used {o interface the
blank cassette (108) with the PCA (1203). In one example, the PCA (1203} is
coupled to the blank cassette (105) via a number of pogo connectors (1205) at
the contact pads (112).

f0082] Fig. 13 is a front plan view of a blank cassette (105) including a
plurality of dispense heads (205) according to an example of the principles
described herein. Each of the dispense heads (205) may include the substrate
(110), reservoir (102), fluid aperture (103), die (115), contact pads {(112), vias
(106), traces (107}, wirebonds (130}, die pads (109}, and other elements as
described above. In the example shown in Fig. 13, the dispense heads (205)
are mounted onto a frame (1305). In an example, the dispense heads (205)
may be mechanically coupled to the frame (1305) by, for example, a welding
processes, a chemical bonding process, or by a number of fasteners. Inan
example, the frame (1305) forms the substrate (110) of each dispense heads
(205} such that each of the dispense heads (205) are formed into a single

monolithic frame (1305).
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f0083] Fig 14 is a block diagram of a system (1400) for gjecting a
fiuid into an assay (1410) according {o one example of the principles described
herein. The system (1400) includes an assay controlling device (1405), a blank
cassette (105) as described above, and an assay plate (1410). Although the
first blank cassette (108) of Fig. 3 is depicted in Fig. 14, either the second blank
cassette (105) or combinations of the first and second blank cassetie (105) with
a frame {1305} may be included in the system (1400).

i0084] The blank cassette (108) may include, at least, the substrate
(110}, reservoir (102}, fluid aperture (103), die (115), contact pads (112), vias
(106), traces (107), wirebonds (130}, die pads (109), and other elemeants as
described above. Although the blank cassette (105) shown in Fig. 14 does or
doss not include certain elements as described herein, each of the elements
associated with the blank cassette (105) may or may not be included. in order
to achieve these different exampies, the physical properties of the blank
cassette (105) may be changed. For example, where the blank cassette (105)
does not comprise the vias (106) as described above, the traces (107) and
cortact pads (112) may be included on a single side of the blank cassette (105)
such that the PCA (1203) contacts the blank cassette (105) via the back side of
the blank cassette (105} instead of the front.

f00858] The assay plate (1410) may be any plate that receives a fluid
gjected from the die (115). The assay plate (1410) may include a number of
wells into which the fiuid may be gjected. The assay plate (1410) may further
include a structure to which the assay controlling device (1405) may interact
with the assay plate (1410) to move the assay piate (1410) relative o the die
(115) of the blank cassette (105). To achieve its desired functionality, assay
controliing device (1405} comprises various hardware componeants. Among
these hardware components may be a number of controllers {(1413), a number
of data storage devices (1440, 1445, 1450, 1455}, a number of peripheral
device adapters (1425), and a number of network adapters (1430). These
hardware components may be interconnected through the use of a number of
busses (1460) and/or network connections. In one example, the controllers

(1415), data storage devices (1440), peripheral device adapters (1425), and

H
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network adapters (1430) may be communicatively coupled via a bus (1460).
The display device (1435} may be provided to allow a user of the assay
controliing device (1405) to interact with and implement the functionality of the
assay controliing device (1405).

f0086] Fig. 15 is a flowchart showing a method (1500} of forming a
cassette according to an example of the principles described herein. The
method (1500) may include forming (1505} at least one dispense heads (205)
by forming {1510} a monolithic substrate (110), coupling (1515) a fluid ejection
die {115} to the substrate (110), forming (1520) a number of assigned traces
(120) on the substrate (110), and forming (1525) a number of unassigned fraces
(125) on the substrate (110). In an example, a plurality of dispense heads (205)
may be formed (1505) and placed into a frame (1305) as described herein. in
this example, the frame (1305) forms at least part of the cassetie (105).

{0087] The method (1500} may further include electrically coupling
(1530) at ieast one of the unassigned traces (125) to the fluid gjection die (115)
thereby assigning at least one function {o the cassette (105). As described
herein, the number of wirebonds (130} may be used to electrically couple the
unassigned fraces (125) to the fluid ejection die {(115). The arrangement of the
wirgbonds (130), therefore, allows for functionally different and varied fluid
gjection dies (115} to be produced from a single blank cassetie (105). The
production of a single blank cassetie (105) may reduce manufacturing costs
while also increasing the variability of the functionality of the fluid ejection die
(115).

{0088] Aspects of the present system and method are described
herein with reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program products according to
examples of the principles described herein. Each block of the flowchart
Hiustrations and block diagrams, and combinations of blocks in the flowchart
Hlustrations and block diagrams, may be implemented by computer usable
program code. The computer usable program code may be provided o a
processaor of a general-purpase computer, spacial purpose computer, or other

programmable data processing apparatus to produce a machine, such that the
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computer usable program code, when execuied via, for example, controlier
(210} or other programmable data processing apparatus, implement the
functions or acts specified in the flowchart and/or block diagram block or blocks.
In one example, the computer usable program code may be embodied within a
computer readable storage medium; the compulter readable storage medium
being part of the computer program product. In one example, the computer
readable storage medium is a non-transitory computer readable medium.

f0089] The specification and figures describe a fluid gjection device
used in an assay fluid dispensing system and a method of forming the fluid
gjection device. The wirebonds used o couple the unassigned electrical traces
provided on a blank cassetie of the fluid gjection device allow any single blank
cassette to be assigned any number of functions based on any chosen layout of
the wirebonds relative to the die pads and unassigned electrical traces. This
allows for versatility in the functionality of the fluid ejection dies as well as
versatility in the functions any group of dies in a frame may perform.

{0030} The preceding description has been presented to iiustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

maodifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT IS CLAIMED 18!

1. A fluid ejection device comprising:
a pblank cassette comprising:
a subsirate;
a die coupled to the substrate;
a number of assigned electrical traces formed on the substrate;
a number of unassigned electrical traces formed on the substrate;
and
at least one wirebond coupling at least one of the unassigned electrical

fraces {o the die assigning at least one funclion to the fluid gjection device.

2. The fluid ejection device of claim 1, wherein a first wirebond of the at
least one wirebond coupled between a first die pad of the die and a first
unassigned trace provides a first function different from the first wirebond of the
at least one wirebond coupled between the first die pad of the die and a second

unassigned trace.

3. The fluid ejection device of claim 1, wherein a first wirebond of the at
least one wirebond coupled between a first die pad of the die and a first
unassigned trace provides a first function different from second wirebond of the
at least one wirebond coupled between a second die pad ofthe dis and a

second unassigned frace.
4, The fluid ejection device of claim 1, further comprising coupling at least

two unassigned electrical traces with the at least one wirebond to form a

cormect detect verifying that the electrical traces are coupled to control logic.
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5. The fluid ejection device of claim 1, further comprising coupling the
number of assigned electrical traces to control logic via the at least one

wirebond.

8. A method of forming a cassette comprising:
forming at least one dispense head comprising:
forming a monolithic substrate;
coupling a fluid ejection die to the substrate;
forming & number of assigned traces on the substrate;
forming a number of unassigned traces on the substrate;
electrically coupling at least one of the unassigned traces o the fluid

gjection die thereby assigning at least one function {o the cassette.

7. The method of claim 6, further comprising electrically coupling each of
the number of the assigned traces 10 a die pad of the fluid gjection die based on
arn assigned function of the cassette with regard to the respective assigned

traces.

8. The method of claim 6, wherein electricaily coupling at least one of the
unassigned electrical traces to the fluid ejection die comprises electrically
coupling at least one of the unassigned electrical traces 1o a die pad of the fluid

gjection die based on a target function of the cassette.

9. The method of claim 8, wherein the assigned and unassigned traces are

formed using laser direct structuring (LDS).

10, The method of claim 8, further comprising mounting a plurality of

dispense heads within a frame.

11, The method of claim 10, wherein at least two of the plurality of dispense
heads are wirebonded to provide at least two different funclions to their

respective dispense heads.
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12, A system for gjecting a fluid into an assay comprising:
a plank cassetie comprising:
at least one dispense head comprising:
a substrate;
a die coupled to the substrate;
a number of assigned electrical traces formed on the
subsirate;
a number of unassigned electrical traces formed on the
substrate; and
at least one wirebond coupling at least one of the unassigned
electrical traces to the die assigning at least one function to the dispanse
head: and
a controller communicatively coupled to the die to instruct the die to gject

an amount of the fluid.

13. The system of claim 12, wherein a plurality of dispense heads are

included within the system, the dispense heads being integrated into a frame.

14.  The system of claim 12, wherein a first wirebond of the at least one
wirebond coupled between a first die pad of the die and a first unassigned frace
provides a first function to the cassette different from the first wirebond of the at
least one wirebond coupled between the first die pad of the die and a second

unassigned trace.

15, The fluid ejection device of claim 1, wherein a first wirebond of the at
least one wirebond coupled between a first die pad of the die and a first
unassigned trace provides a first function different from second wirebond of the
at least one wirebond coupled between a second die pad ofthe die and a

second unassigned frace.
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