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(57) Abstract: A thermal printhead die is formed from an SOI structure as a MEMS device. The die has a printing surface, a buried
oxide layer, and a mounting surface opposite the printing surface. A plurality of ink delivery sites are formed on the printing surface,
each site having an ink-receiving and ink-dispensing structure. An ohmic heater is formed adjacent to each structure, and an un-
der-bump metallization (UBM) pad is formed on the mounting surface and is electrically connected to the ohmic heater, so that ink
received by the ink-delivery site and electrically heated by the ohmic heater may be delivered to a substrate by sublimation. A
through-silicon-via (TSV) plug may be formed through the thickness of the die and electrically coupled through the buried oxide
layer from the ohmic heater to the UBM pad. Layers of interconnect metal may connect the ohmic heater to the UBM pad and to the
TSV plug.
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LOW-PROFILE MEMS THERMAL PRINTHEAD
DIE HAVING BACKSIDE ELECTRICAL CONNECTIONS

BACKGROUND

[0001] This application is related to US Patent Application 13/154,419, filed June 6, 2011
and application number 13/327,745 filed on December 15, 2011, both claim priority to the
Provisional Application No. 61/439,816, filed February 4, 2011, the disclosure of which is

incorporated herein in its entirety.

Field of the Invention

[0002] The present disclosure relates generally to printheads for evaporative printing of
organic materials. More specifically, the disclosure relates to a MEMS printhead fabricated
from an SOI material and assembled using backside solder connections for layering organic

thin film onto a substrate by sublimation of ink.

Description of the Related Art

[0003] Organic optoelectronic devices, such as organic light emitting diodes (OLEDs) used
for flat-panel displays, are fabricated by depositing layers of organic film onto a target
substrate and coupling the top and bottom of the film stack to electrodes. Using advanced

techniques, film layer thicknesses on the order of 100 nanometers can be achieved.

[0004] One such technique deposits OLED film layers onto substrate by thermal
evaporation of the organic material from a thermal printhead. The organic ink material is
first dissolved in a liquid carrier to form a liquid ink. The ink is transferred to the printhead,
and the target substrate and printhead are drawn into close proximity. The ink is then heated
in stages. The first stage evaporates the solvent. During the second stage, the ink is heated

rapidly above its sublimation temperature until the organic ink materials evaporate to cause
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condensation of the organic vapor onto the target substrate. The process may be repeated
until a desired film layer thickness is achieved. The composition of ink may be varied to
achieve different colors and to optimize other properties such as viscosity and sublimation

temperature.

[0005] High resolution OLED displays may require pixel characteristic dimensions on the
order of 100 microns or less. To achieve this degree of quality control, the printhead gap,
that is, the gap between the printhead and the target substrate should be specified on an order
of magnitude commensurate with the desired pixel characteristic dimensions. MEMS
technology has been proposed for fabricating thermal printheads for evaporative deposition
having this level of precision. One of the problems to be solved with this approach, and
which is addressed by the present disclosure, is how to deliver electrical energy to the

printing surface of a MEMS thermal printhead while enabling a sufficiently small print gap.

SUMMARY

[0006] The present disclosure provides a thermal, non-contact printhead die that can be
positioned to within 10-100 microns of a substrate receiving ink from the printhead. The
reduced print gap enables layers of organic LED compounds to be printed onto the substrate

for superior film morphology, uniformity, and feature resolution.

[0007] In one embodiment, a thermal printhead die according to the disclosure is formed on
an SOI structure having a printing surface, a buried oxide layer, and a mounting surface
opposite the printing surface. A plurality of ink delivery sites are formed on the printing
surface, each site having an ink-receiving and ink-dispensing structure, and an ohmic heater
formed adjacent to the ink-receiving and ink-dispensing structure. At least one under-bump

metallization (“UBM”) pad is formed on the mounting surface and electrically connected to
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the ohmic heater. Ink received by the ink-delivery site and heated by the ohmic heater may

then be delivered to a substrate by sublimation.

[0008] The ohmic heater may be electrically coupled to the UBM pad through the buried
oxide layer by means of a through-silicon via (“TSV”) plug. The TSV plug may be formed
by a doping process. An interconnect metal, such as a titanium-tungsten-aluminum layer,
may be formed to couple the TSV plug to the UBM pad and to the ohmic heater. Each ink
delivery site may include an electrical conduction cavity formed through the printing surface,
so that the interconnect metal connects the ohmic heater to the TSV plug along a sidewall of

the conduction cavity and through an opening in the buried oxide layer.

[0009] A method according to the disclosure prescribes steps for manufacturing a MEMS
thermal printhead die on an SOI structure having a top surface, a buried oxide layer, and a
mounting surface opposite the top surface. In one embodiment, the method provides steps
for: (a) forming a plurality of ink-dispensing pores on the top surface of the SOI structure,
each pore comprising a recessed area, (b) forming an chmic heater adjacent to at least one of
the ink-dispensing pores, (c¢) forming at least one UBM pad on the mounting surface, and (d)
forming at least one TSV plug through the buried oxide layer, the TSV plug electrically
coupling the ohmic heater to the UBM pad through the buried oxide layer. The method may
further include: forming through the mounting surface a plurality of ink-receiving cavities,
each ink-receiving cavity corresponding to a plurality of the ink-dispensing pores, that allow
flow of ink between each ink-receiving cavity and the printing surface, or forming a
conduction cavity through the printing surface so that one or more layers of interconnect
metal may connect the ohmic heater to the TSV plug along a sidewall of the conduction

cavity.
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[0010] Another embodiment of a method according to the disclosure enables
manufacturing of a MEMS thermal printing system. The manufacturing steps include: (a)
forming a plurality of ink-dispensing pores on a top surface of an SOI structure, (b) forming a
plurality of ohmic heaters, each ohmic heater adjacent to a corresponding plurality of ink-
dispensing pores and an ink-receiving cavity, (c) forming one or more UBM pads on the
mounting surface, (d) forming a plurality of TSV plugs through a buried oxide layer of the
SOI structure, each TSV plug electrically coupling one of the ohmic heaters to the one or
more UBM pads, (e) dispensing a solder ball onto each of the UBM pads, (f) reflowing the
solder balls, (g) contacting the reflowed solder balls to complementary pads on the mounting
substrate, and (h) curing the solder balls so that the cured solder provides mechanical
connection between the printhead die and the mounting substrate, and electrical connection
from each complementary pad to one of the ohmic heaters through the mounting surface of

the SOI structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other systems, methods, features and advantages of the disclosure will be or will
become apparent to one with skill in the art upon examination of the following figures and
detailed description. It is intended that all such additional systems, methods, features and
advantages be included within this description, be within the scope of the disclosure, and be
protected by the accompanying claims. Component parts shown in the drawings are not
necessarily to scale, and may be exaggerated to better illustrate the important features of the
disclosure. In the drawings, like reference numerals may designate like parts throughout the

different views, wherein:

[0012] FIG. 1 is a cross-sectional view of a portion of a thermal printhead die including an

ink-delivery site according to one embodiment of the disclosure;
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[0013] FIG. 2 is a magnified cross-sectional view of the thermal printhead die of FIG. 1

showing backside electrical connections, according to another embodiment of the disclosure;

[0014] FIG. 3 is a process flow diagram illustrating one embodiment of a method according

to the disclosure for manufacturing a MEMS thermal printhead die;

[0015] FIG. 4 is a magnified cross-sectional view of a thermal printhead die illustrating a

fabrication step in which solder balls are placed onto the backside of UBM pads;

[0016] FIG. 5 is a magnified cross-sectional view of a thermal printhead die illustrating a

fabrication step after jetting, in which the solder balls are reflowed on the UBM pads;

[0017] FIG. 6 is a magnified cross-sectional view of a thermal printhead die illustrating
another fabrication step in which the printhead die is flipped and aligned with a mounting

substrate;

[0018] FIG. 7 is a magnified cross-sectional view of a thermal printhead die illustrating
another fabrication step in which the die is brought into contact with the mounting substrate

and the solder is reflowed a second time;

[0019] FIG. 8 is a process flow diagram illustrating another embodiment of a method for

manufacturing a MEMS thermal printhead die;

[0020] FIG. 9 is a schematic diagram illustrating an apparatus for precision attachment of a

MEMS thermal printhead die to a mounting substrate according to the disclosure; and

[0021] FIG. 10 is a process flow diagram illustrating another embodiment of a method

according to the disclosure for manufacturing a MEMS thermal printhead die.
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DETAILED DESCRIPTION

[0022] The art of thermal non-contact printing is advanced according to the disclosure by
fabricating a printhead die as a MEMS device on an SOI structure using techniques disclosed
herein. These techniques may achieve a print gap of 100 microns or less between the
printhead and the targeted substrate. This achievement enables the printhead to deposit layers
of organic LED compounds onto the substrate for superior film morphology, uniformity, and

feature resolution.

[0023] FIG. 1 shows a cross-sectional view of one embodiment of a thermal printhead die
100 that is designed in accordance with principles of the present disclosure. This view
illustrates an ink-delivery site 102 that is located in the central portion of the diagram. In
terms of its general dimensional scale, the printhead die 100 has a total height on the order of
about 400 microns, which is determined by the thickness of a typical SOI substrate from
which the die 100 may be fabricated. The single ink-delivery site 102 is shown for purposes
of illustration. A complete printhead die according to the disclosure will typically include
many hundreds or thousands of such sites, fabricated on a single SOI substrate and arranged
in a two-dimensional array. Thus, it must be understood that the pattern shown in FIG. 1 may

recur many times throughout the array.

[0024] As stated above, in one embodiment the thermal printhead die 100 may be
fabricated using an SOI substrate. A conventional SOI substrate will typically include three
layers of material: an upper layer of device-quality silicon, a middle oxide insulating layer
(a.k.a. buried oxide layer), and a lower silicon layer (interchangeably, handle layer). The
structure of the thermal printhead die 100, as shown, may be fabricated within an SOI
substrate by selectively polishing or etching away areas within one or more of these layers

and building up the components of the die structure using various deposition techniques.
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Generally, the printhead die 100 provides a mechanical structure for delivering ink from a
printing surface of the die to a target substrate, for providing a mounting surface for attaching
the die to its parent printing system, and for providing insulated electrical conduction paths
for delivering thermal energy from the printing system to the printing surface. An SOI
substrate may facilitate fabrication of printhead die 100, however, the disclosure is not
limited solely to fabrication on an SOI substrate, as other types of semiconductor wafers or
substrates may be used as a foundation for the die. Any such substrate capable of

modification to achieve the structures disclosed herein may be used for fabrication.

[0025] Printhead die 100 may be fabricated from an SOI substrate through a series of
forming steps, resulting in the structure shown. Generally, the electrically conductive
components of printhead die 100, which are described below in further detail, may be formed
within the SOI structure by means of a doping technique, or by etching away selected
portions of the buried oxide layer and refilling the void with conductive or dielectric material,
for example, by means of a chemical deposition or ion implantation technique. In the cross-
sectional diagram, visible portions of the oxide layer that provides electrical isolation are

indicated throughout the structure by the diagonally cross-hatched pattern 103.

[0026] In a final form, printhead die 100 may include a printing surface 104, a buried oxide
layer 106, and a mounting surface 108 opposite the printing surface 104. As noted above,
selected areas of the SOI structure may be refilled or doped to create conductive layers (e.g.
118) where needed. A plurality of ink delivery sites 102 may be formed on the printing
surface 104. FEach ink delivery site 102 may further include an ink-receiving and ink-
dispensing structure 110, and an ohmic heater 112.  The ohmic heater 112 may be formed

adjacent to the ink-receiving and ink-dispensing structure.
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[0027] In another embodiment, the ink-receiving and ink-dispensing structure 110 may
further include an ink-receiving cavity 109 and one or more pore 111 formed in the SOI
structure. Pores 111 provide a fluid communication path between the ink-receiving cavity
109 and printing surface 104. In one implementation, pores 111 may be oriented
substantially normal to printing surface 104. The structure 110 is designed so that ink
received into the ink-receiving cavity 109 can migrate through the pores 111 by capillary

action to the print surface 104 to be heated by heaters 112.

[0028] Ohmic heaters 112 may be formed preferably by means of a deposition technique
using a material having good heat transfer and electrical conducting properties. In one
embodiment, heaters 112 may be formed from titanium-platinum-titanium (Ti-Pt-Ti)
material. At least one heater 112 should be placed adjacent to each plurality of pores 111 on
the printing surface 104. Electrical current is delivered to the ohmic heaters by one or more

conductive paths formed between the mounting surface 108 and the printing surface 104.

[0029] In one embodiment, a conductive path from the printing surface 104 to the
mounting surface 108 may include a heater 112, an interconnect layer 116, a through-silicon
via (TSV) plug 118, a second interconnect layer 120, and a UBM pad 122. Interconnect
layers 116 and 120 may be formed, for example, by sputtering titanium-aluminum (Ti-Al),
titanium-tungsten-aluminum (Ti-W-Al), titanium-tungsten-gold (Ti-W-Au), or from some
other alloy suitable for deposition as an interconnecting conductor to electrically couple the
heater 112 to the TSV plug. TSV plug 118 may be formed through the printhead die using a
conventional technique. The via may be made more conductive by selective doping or by
electrical isolation of a region within a highly-doped silicon handle layer. The second

interconnect layer 120 electrically couples the bottom portion of the TSV plug 118 to the
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UBM pad 122, and may be formed from the same or similar material, and by the same or

similar etching and deposition technique, as used to form the first interconnect layer 116.

[0030] In one embodiment, an electrical conduction cavity 125 may be formed above the
TSV plug 118 and beneath the printing surface 104. The conduction cavity 125 may define
sloped sidewalls leading to the top of the TSV plug, as shown. In one embodiment, the
conduction cavity 125 may be formed by etching through the buried oxide 106 near the
printing surface 104, and the interconnect layer 116 may be formed along the bottom of the

conduction cavity to electrically couple the ohmic heater 112 to the TSV plug 118.

[0031] At the mounting surface 108, UBM pads 122 are formed beneath the second
interconnect layer 120 to provide a material onto which solder can wet to make a reliable
mechanical and electrical connection. In one embodiment, this may be achieved by forming
the UBM pads 122 from a complex layer of evaporated or electroplated metals, such as a
titanium-nickel-gold (Ti-Ni-Au) layer. Ti-Ni-Au layers are commonly used as corrosion-
resistant contacts in CMOS flip-chip applications, and are typically formed using an
electroplating process. In a MEMS device of the present disclosure, however, an
electroplating bath could contaminate the delicate pore structure 110 and inhibit the delivery
of ink to the printing surface. Therefore, an evaporative layering technique may be preferred
for forming the Ti-Ni-Au layer. For example, depositing layers of the UBM pad by
evaporating first titanium, followed by nickel (Ni), and then gold (Au) as the outermost layer.
Other metals, such as platinum or palladium, may also compose the UBM pad without

departing from the scope of the disclosure.

[0032] After depositing or evaporating the UBM pads 122 onto the mounting surface 108, a
dielectric layer 124 may be disposed along the mounting surface to form a soldering cavity

around each UBM pad. In one embodiment, the dielectric layer 124 may be formed by
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means of a plasma enhanced chemical vapor deposition (PECVD) technique. In one
embodiment, the dielectric layer 124 forms an oxide and nitride cap that, at each UBM site,
exposes at least a portion of the UBM pad for connection to an external electrical source. In
one embodiment, the dielectric cap forms a solder reflow dam on the UBM pad to limit the
flow of solder in the vicinity of the UBM pad. According to the disclosure, dimensional
control of the solder reflow dam and control of the volume of solder applied to the UBM pad
allows for more precise control of the location of the contact plane formed by a plurality of

solder balls extending below the mounting surface 108, as shown in FIG. 2.

[0033] 'The foregoing description of the structure of the MEMS printhead die and methods
for effecting its fabrication may be summarized as a series of steps in a process according to
the disclosure. These steps are represented in the process flow chart of FIG. 3. The process
described therein may be used to fabricate the printhead die from an SOI structure having a

top surface, a buried oxide layer, and a mounting surface opposite the top surface.

[0034] Method 300 begins at step 301, by forming at least one TSV plug through the
thickness of the die so that the TSV plug electronically couples the ohmic heater to the UBM
pad. In step 302, an ohmic heater is formed adjacent to at least one of the ink-dispensing
pores. In step 303, an electrical conduction cavity is formed on the printing surface and
through the buried oxide layer. In step 304, an interconnect layer is formed on the printing
surface and the mounting surface so that the ohmic heater electrically couples to the TSV
plug. The TSV plug also couples to the UBM pad. In step 305, a UBM pad is formed on the
mounting surface of the SOI structure. Finally, in step 306, ink dispensing pores are formed
through the SOI structure and an ink-receiving cavity is formed through the bulk die. Each

pore comprises a recessed area in fluid communication with the ink-receiving cavity.
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[0035] It should be appreciated that the processes described in the foregoing paragraphs
may be applied to achieve the general structural pattern of thermal printhead die 100 so that
multiple parallel conduction paths may be formed through the structure between multiple
UBM pads 122 on the mounting surface 108 and the heater or heaters 112 on the printing
surface 104. In operation, with a supply of ink loaded into the ink-receiving cavity 109, the
printhead die may be electrically energized by a potential applied to UBM pads 122, which
causes the heaters 112 to generate heat through I’R losses and transfer the heat to ink drawn
into the ink-dispensing pores 111. The ink solvents evaporate at the solvent evaporation
temperature and organic material remains in pores 111. In one embodiment (not shown), as
the organic material heats up beyond its sublimation temperature, the remaining organic
materials sublimate and travel to a target substrate (not shown) that may be placed in close
proximity to printing surface 104. Condensation of the organic vapor onto the target
substrate prints a layer of the organic material thereon. It should be further appreciated that
the structure of printhead die 100 can achieve a minimal print gap by eliminating external
conductors from the printing surface for powering the heaters. The disclosure, by providing
conduction paths to the heaters through the SOI structure, obviates the need for external

conductors that would otherwise obstruct and add to the printhead gap.

[0036] With reference again to FIG. 2, there is shown a magnified cross-sectional view of
the thermal printhead die of FIG. 1. This view includes detail for backside electrical
connections on the mounting surface 108 that mechanically and electrically attach the
printhead die to a mounting substrate 230. The substrate 230 may be a conventional ceramic
type substrate such as those used in printed circuit boards. The connections are made using a
dual-reflow soldering process according to the disclosure, in which the solder balls are
reflowed a first time to bond the solder to the UBM pads 122, and then reflowed a second

time to bond the solder to complementary pads 234 on the mounting substrate 230.
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[0037] FIGS. 4, 5, 6 and 7 further illustrate the dual-reflow process. Each of these figures

shows a magnified cross-sectional view and a portion of the mounting surface 108 during a

sequential step in the dual-reflow process. In the first step shown in FIG. 4, the solder balls

232 are dispensed onto the UBM pads 122 of the thermal printhead die 100. A jetting

technique may be used to control dispensation of the solder, so that a substantially equal

volume of solder is received on each of the UBM pads.

[0038] In the next step depicted in FIG. 5, the solder balls are heated to above their melting
temperature and caused to reflow onto the UBM pads. As the reflowed solder balls wet to the
UBM pads, the flow of the solder is restricted by the solder dam formed by dielectric 124 to
an areca immediately adjacent to the UBM pad. The structure of the UBM pad causes the
solder balls, when cured, to form domes that each extend from the mounting surface 108 to a

substantially uniform distance, d, as shown.

[0039] In the next step depicted in FIG. 6, the mounting surface 108 of the printhead die is
brought into alignment with mounting substrate 230 so that the array of solder domes 232
aligns with a complementary array of pads 234. The printhead die 100 may be flipped, as
shown, before performing this step. A solder mask or dielectric layer 236 may be provided to

create solder reflow dams on the complementary pads 234 of the mounting substrate.

[0040] In the final step depicted in FIG. 7, the printhead die 100 is brought into contact
with the mounting substrate so that each solder dome 232 contacts a pad 234. In this
position, the second reflow step is initiated by melting the solder domes until they wet to the
pads 232. 'The solder is then allowed to cool. When cured, the printhead dies 100 is
mechanically and electrically connected to the substrate 230 by the soldered junctions 232, as

shown in FIGS. 2 and 7. So configured, ohmic heaters on the printhead die may be energized
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by application of an electric potential to a trace 238 running through the mounting substrate

230.

[0041] 'The foregoing disclosure for fabricating a MEMS thermal printhead die and for
effecting backside electrical connection of the printhead die to a mounting substrate may be
summarized as a process or method 800 according to the disclosure. The following steps in
the process represent salient steps as depicted in the block diagram of FIG. 8. It should be
understood that the process may be supplemented by additional steps without departing from

the scope of the disclosure.

[0042] The method 800 begins at step 801, by forming at least one TSV plug through the
thickness of the die so that the TSV plug electrically couples the ohmic heater to UBM pad.
In step 802, an ohmic heater is formed adjacent to at least one of the ink dispensing pores. In
step 803, one or more electrically conductive cavity is formed on the printing surface and
through the buried oxide layer. In step 804, an interconnect layer is formed on the printing
surface and the mounting surface so as to couple the ohmic heater to the TSV plug and to
couple the TSV plug to the UBM pad. In step 805, a UBM pad is formed on the mounting
surface of the SOI structure. In step 806, ink-dispensing pores are formed through the SOI
structure and an ink-receiving cavity is formed through the bulk die. In an embodiment of
the disclosure, each pore comprises a recessed area in fluid communication with the ink
receiving cavity. In step 807, the solder balls are heated to reflow. In step 808, the melted
solder balls are moved to the complementary pads on the mounting substrate. In step 809, the
solder balls are cured to provide mechanical connections between the printhead die and the
mounting substrate. The solder balls also provide electrical connections from each

complementary pad to an ohmic heater through the mounting surface.
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[0043] 'The fabrication steps that are involved in attaching the thermal printhead die to the
mounting substrate can have significant effect on the overall print gap. As the second reflow
step nears completion, some deformation of the die may occur that affects the relative
flatness, or horizontal offset, between the mounting surface of the printhead die and the
mating surface of the mounting substrate. The deformation may occur during cooling, due to
a mismatch in the coefficient of thermal expansion between the printhead die and the
mounting substrate. The resulting horizontal offset will likely deviate from zero by a small
degree. A skilled artisan will appreciate that any horizontal offset will contribute a
corresponding vertical offset to the print gap, where the vertical offset is a function of the
both the horizontal offset and a length of the top surface of the printhead die. Another aspect
of the present disclosure addresses the problem of horizontal offset by providing a means for
controlling, with high precision, the flatness of the thermal printhead die during the final

curing steps.

[0044] FIG. 9 illustrates in schematic form an apparatus 900 for precision attachment of a
MEMS thermal printhead die to a mounting substrate according to the disclosure. The die-
attach apparatus 900 includes a linear single-axis flexure stage 940, mating parallel plates 941
and 942, an actuator 944, and a sensor 945. Flexure stage 940 may include one or more
flexure springs 946, each of which may attach at one end to a rigid frame 947. The parallel
plates 941 and 942 provide high-precision horizontal planes for aligning the die 100 to the
substrate 230. A shuttle 948 may attach the plate 941 to the linear flexure stage 940. A base
plate 949 may attach the plate 942 to a fixed horizontal reference 950. In the schematic,
actuator 944 is modeled as a force I acting in the vertical direction. This force may be

imparted manually, by gravity, by an electric or hydraulic motor, etc.
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[0045] 'The sensor 945 measures the position of the stage 940 as it moves with respect to

the fixed reference 950. In one embodiment, sensor 945 may comprise a removable

capacitive sensor. The sensor may be used in a feedback loop to the actuator 944 to control

the applied load F.

[0046] The flexure 940 may be formed from metal such as stainless steel so that it may
expand freely in the direction of force I when heat is applied to effect solder reflow. The
flexure may be machined by wire EDM or by abrasive water-jet cutting. The parallel plates
941 and 942 may be fixed to the flexure stage 940 and base plate 949 using an epoxy bond

cured under preload of the flexure.

[0047] 'The printhead die 100 and mounting substrate 230 may be positioned between the
precision plates 941 and 942 and aligned for the second reflow step. A preload force may be
applied to push the precision plates together, and thereby press the die against the mounting
substrate so that solder balls wetted to the printhead die in a first reflow step mate to
complementary pads on the mounting substrate along a contact plane. The dynamics of the
flexure stage work to achieve pure vertical (Z-axis) motion and to distribute load evenly
along the X-Y plane of contact, to ensure parallel orientation of the die with respect to the
substrate, and to prevent deformation of the die from parasitic motion such as yawing,
twisting, and X-axis and Y-axis parasitic motion. For example, the parallel offset of shuttle
948 and base plate 949 can be minimized to a desired value, such as to within about 2.0
microns, as a function of the applied load. Using an apparatus 900, the horizontal offset or

bowing of the printhead die can be limited to about 10 microns or less.

[0048] While under preload from the flexure stage 940, the second solder reflow step may

be performed to mechanically and electrically bond the printhead die to the mounting
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substrate. In one embodiment, the entire apparatus 900 may be enclosed within a solder

reflow furnace during the second reflow step.

[0049] TFrom the foregoing descriptions of the dual-reflow process and the flexure
apparatus 900, salient steps of a method may be derived for attaching a MEMS printhead die

to a mounting substrate. This method 1000 is illustrated in the flow diagram of FIG. 10.

[0050] Method 1000 begins at step 1001, in which a plurality of UBM pads are formed on a
mounting surface of the printhead die. In the next step, 1003, a plurality of complementary
pads are formed on the mounting substrate. The resulting pattern of complementary pads
may be formed to match up geometrically with the UBM pads of the printhead die. In the

next step 1005, a solder ball may be located or jetted onto each of the UBM pads.

[0051] 'The next step 1007 is the first solder reflow step. This step involves reflowing the
solder balls on the UBM pads. Ideally, the resulting solder bumps achieve a substantially
uniform size, so that each solder bump extends from the die by a substantially uniform
distance. Next, in step 1009, the UBM pads of the printhead die are mechanically aligned to
the complementary pads of the mounting substrate. Then in step 1011, a preload force may
be applied between the printhead die and the mounting substrate to maintain the solder bumps
in contact with the complementary pads during the second reflow step. In the second reflow
step 1013, the solder bumps are reflowed so that they wet to the complementary pads. The
solder bumps are then cooled and allowed to cure. The cured solder bumps mechanically
connect the printhead die to the mounting substrate and electrically connect each of the UBM

pads to its complementary pad.

[0052] Exemplary embodiments of the disclosure have been disclosed in an illustrative
style. Accordingly, the terminology employed throughout should be read in a non-limiting

manner. Although minor modifications to the teachings herein will occur to those well
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versed in the art, it shall be understood that what is intended to be circumscribed within the

scope of the patent warranted hereon are all such embodiments that reasonably fall within the

scope of the advancement to the art hereby contributed, and that that scope shall not be

restricted, except in light of the appended claims and their equivalents.
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What is claimed is:
1. A thermal printhead die, comprising:
an SOI structure having a printing surface, a buried oxide layer, and a mounting
surface opposite the printing surface;
a plurality of ink delivery sites, each site having
an ink-receiving and ink-dispensing structure formed on the printing surface,
and
an ohmic heater formed adjacent to the ink-receiving and ink-dispensing
structure; and
at least one under-bump metallization (“UBM”) pad formed on the mounting surface
and electrically connected to the ohmic heater;
wherein ink received by the ink-delivery site and electrically heated by the ohmic

heater is delivered to a substrate by sublimation.

2. The printhead die of claim 1, further comprising at least one through-silicon via
(“TSV”) plug electrically coupling the ohmic heater to the UBM pad through the buried

oxide layer.

3. The printhead die of claim 2, further comprising interconnect metal coupling the

ohmic heater to the UBM pad.

4. The printhead die of claim 2, further comprising interconnect metal coupling the
ohmic heater to the TSV plug.
5. The printhead die of claim 4, wherein each ink delivery site further comprises at least

one electrical conduction cavity formed through the printing surface, and wherein the
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interconnect metal connects the ohmic heater to the TSV plug along a bottom of the

conduction cavity.

6. The printhead die of claim 2, wherein the TSV plug comprises a doped and

electrically-isolated portion of the SOI structure.

7. The printhead die of claim 1, wherein the UBM pad comprises a layer of evaporated
metal.
8. The printhead die of claim 7, wherein the evaporated metal comprises titanium-

nickel-gold.

0. The printhead die of claim 1, further comprising a dielectric layer disposed along the
mounting surface and forming a soldering cavity exposing at least a portion of the UBM pad

for connection to an external electrical source.

10. The printhead die of claim 1, wherein the ink-receiving structure comprises a single
cavity.
11. The printhead die of claim 1, wherein the ink-receiving and ink-dispensing structure

comprises: an ink-receiving cavity; a plurality of ink-dispensing pores formed in the SOI
structure and oriented substantially normal to the printing surface to provide a flow path for

the ink between the ink-receiving cavity and the print surface.
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12. A method of manufacturing a MEMS thermal printhead die on an SOI structure
having a top surface, a buried oxide layer, and a mounting surface opposite the top surface,
the method comprising steps for:

(a) forming a plurality of ink-dispensing pores on the top surface of the SOI structure,
each pore comprising a recessed area;

(b) forming an ohmic heater adjacent to at least one of the ink-dispensing pores;

(c) forming at least one under-bump metallization (“UBM”) pad on the mounting
surface; and

(d) forming at least one through-silicon via (““TSV”) plug, the TSV plug electrically

coupling the ohmic heater to the UBM pad through the thickness of the die.

13. The method of claim 12, further comprising: forming through the mounting surface a
plurality of ink-receiving cavities, each ink-receiving cavity corresponding to a plurality of

ink-dispensing pores.

14. The method of claim 13, further comprising: forming one or more pores through the

SOI structure to allow flow of ink between each ink-receiving cavity and a print surface.

15. The method of claim 12, further comprising: forming one or more layers of

interconnect metal coupling the TSV plug to the ohmic heater and to the UBM pad.

16. The method of claim 15, wherein the interconnect metal comprises a titanium-

tungsten-aluminum layer.
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17. The method of claim 15, further comprising forming at least one electrical conduction

cavity through the printing surface; wherein at least one of the layers of interconnect metal

connects the ohmic heater to the TSV plug through the buried oxide along a bottom surface

of the conduction cavity.

18. The method of claim 12, wherein step (d) further comprises forming the TSV plug by

doping a portion of the SOI structure.

19. The method of claim 12, wherein the UBM pad is formed as a layer of evaporated

titanium-nickel-gold.

20. The method of claim 12, further comprising forming a dielectric layer along the
mounting surface by plasma-enhanced chemical vapor deposition, the dielectric layer
defining a soldering cavity exposing at least a portion of the UBM pad for connection to an

external electrical source.

21. A method for manufacturing a MEMS thermal printing system, comprising:

(a) forming a plurality of ink-dispensing pores on a top surface of an SOI structure,

(b) forming a plurality of ohmic heaters, each ohmic heater adjacent to a
corresponding plurality of ink-dispensing pores;

(c) forming one or more under-bump metallization (“UBM”) pads on a mounting
surface of the SOI structure;

(d) forming a plurality of through-silicon via (“TSV”) plugs through the SOI
structure, each TSV plug electrically coupling one of the ohmic heaters to the one or more

UBM pads;
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(e) dispensing a solder ball onto each of the UBM pads;

(f) reflowing the solder balls;

(g) contacting the reflowed solder balls to complementary pads on the mounting
substrate; and

(h) curing the solder balls so that the cured solder provides mechanical connection
between the printhead die and the mounting substrate, and electrical connection from each
complementary pad to one of the ohmic heaters through the mounting surface of the SOI

structure.

22. The method of claim 21, further comprising: forming a plurality of ink-receiving
cavities through a mounting surface of the SOI structure, the mounting surface opposite the
top surface, so that each ink-receiving cavity is in fluid communication with a corresponding

plurality of ink-dispensing pores.

23. The method of claim 21, further comprising: forming one or more layers of
interconnect metal coupling each TSV plug to one of the ohmic heaters and to the one or

more UBM pads.

24. The method of claim 23, further comprising:

forming at least one conduction cavity through the top surface;

wherein at least one of the layers of interconnect metal connects one of the ohmic
heaters to one of the TSV plugs along a bottom surface of the conduction cavity and through

the buried oxide layer.
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25. The method of claim 21, wherein step (d) further comprises forming the TSV plugs

by doping a portion of the SOI structure.

26. A method for attaching a MEMS printhead die to a mounting substrate, comprising:

forming a plurality of under-bump metallization (UBM) pads on a mounting surface

of the printhead die;

forming a plurality of complementary pads on the mounting substrate;

locating a solder ball onto each of the UBM pads;

reflowing the solder balls on the UBM pads to form solder bumps of substantially
uniform size;

mechanically aligning the UBM pads of the printhead die to the complementary pads
of the mounting substrate;

preloading the solder bumps between the UBM pads and the complementary pads;
and

reflowing the solder bumps so that the solder bumps, when cured, mechanically
connect the printhead die to the mounting substrate and electrically connect each of the UBM

pads to its complementary pad.

27. The method of claim 26, wherein the UBM pads are formed as individual layers of

evaporated titanium-nickel-gold.

28. The method of claim 26, further comprising: forming on the mounting surface, prior
to the jetting step, a dielectric layer defining soldering cavities that expose at least a portion

of each of the UBM pads.
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29. The method of claim 28 wherein the dielectric layer is formed by plasma-enhanced

chemical vapor deposition.
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