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ABSTRACT
In the last decade, ink-jet has come to be viewed as a
precision microdispensing tool, in addition to its huge
success in color printing. Today, this tool is being used in a
wide range of applications, including electrical & optical
interconnects, sensors, medical diagnostics, drug delivery,
MEMS packaging, and nanostructure materials deposition.
Ink-jet microdispensing is data-driven, non-contact, and is
capable of precise deposition of picoliter volumes at high
rates, even onto non-planar surfaces. Being data-driven,
ink-jet dispensing is highly flexible and can be readily
automated into manufacturing lines. This paper will illustrate
a few of the applications of ink-jet technology that are either
MEMS manufacturing applications, or relevant to potential
MEMS manufacturing applications.
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INTRODUCTION
Micro-Electro-Mechanical Systems (MEMS) fabrication
technology has been developed primarily from large volume
microelectronics manufacturing technology, which relies
almost exclusively on photolithographic processes.
Photolithographic processes are particularly well suited for
large volume, high density fabrication of devices with low
process and feature diversity. The prime example is a DRAM
memory device with repetition of the same features millions
of times. MEMS has successfully built on the huge microelec-
tronics equipment and technology base, adding feature
diversity by using a limited number of compatible processes.

However, MEMS is a field that by definition aims to created
integrated micro-devices. If MEMS is to extend beyond the
boundaries of it current successes, it must integrate many
diverse functions. Integration of optical functions (Micro-
Optical-Electro-Mechanical Systems, MOEMS), biological
functions (BioMEMS), and /or sensor functions will require
a high level of process diversity, in many cases at a low

density. Thus, these integrated micro-device types are
creating a dilemma by driving MEMS fabrication technology
away from what photolithography does best (high density)
and toward what it does poorly (high diversity). 

In addition, many integrated MEMS applications use materi-
als that are simply too expensive to be used with subtractive
processes, such as photolithography, where most of the
material would be wasted. With the growing investment in
nano-technology, it is likely that many more interesting, but
expensive materials will be created in the near future.
MEMS’s current reliance on subtractive processes will limit
the utility of these materials in MEMS applications.

A solution to this dilemma is to THINK ADDITIVE. One
additive process that has been shown to be particularly well
suited to MEMS device fabrication is ink-jet printing technol-
ogy.

BACKGROUND ON INK-JET TECHNOLOGY
Ink-jet printing technology is actually not a single technology,
but a group of technologies that have a common end result:
the extremely repeatable formation of small fluid droplets that
can be directed to a specific location with high accuracy.
These technologies fit into two general categories. In continu-
ous mode ink-jet printing technology, a cylindrical jet of
liquid is formed by forcing a fluid under pressure through an
orifice. Surface tension forces create instabilities in the jet,
causing it to break up into drops [1,2]. By providing a single
controlled frequency disturbance, the jet can be forced to
break up at precise time intervals into uniform diameter and
velocity droplets. The droplets can be charged by an electro-
static field at the instant of break-off from the jet, and then
deflected from a straight trajectory by a second electrostatic
field  [3]. Applying multiple levels of charge to the drops
allows them to be deflected to one of several locations on a
substrate, or to be directed into a catcher for recycling or
disposal. Figure 1 shows a schematic of a continuous mode



Figure 1: Schematic of a continuous ink-jet printer.

Figure 2: Array of continuous jets
with 70µm diameter breaking up
into 140µm droplets at 40kHz.

Figure 3: Demand
mode ink-jet device
generating 60µm drops
50µm orifice at 4kHz.

Figure 4: Schematic of a demand mode ink-jet printer.

ink-jet printing system. Figure 2 shows a photomicrograph of
an array of 70µm diameter jets of water issuing from a droplet
generator device and breaking up into ~140µm diameter
droplets at 40,000 per second.

Continuous mode ink-jet printing systems produce droplets
that are approximately twice the orifice diameter. Droplet
generation rates for commercially available continuous mode
ink-jet systems are usually in the 80-100kHz range, but
systems with operating frequencies up to 1MHz are in
commercial use. Droplet sizes can be as small as 20µm in a
continuous system, but 150µm is more typical. Droplets as
large as 1mm (~0.5µl) have been observed.

Continuous mode ink-jet systems are currently in widespread
use for industrial marking, with product labeling of food and
medicines being an important application. These systems
have high throughput capabilities and are best suited for very
high duty cycle applications. Continuous mode  systems have
been employed in novel applications such as rapid
prototyping [4], electronics manufacturing [5], uniform
sphere or balloon generation [6], and medical diagnostics
manufacturing [7].

Demand mode ink-jet technology is employed in all SOHO
(small office, home office) ink-jet printers. In demand mode
systems, a small transducer is used to displace the ink,
creating a pressure wave. This pressure wave travels to the

orifice [8,9] where its
energy is converted to
inertial energy, result-
ing in the ejection of a
droplet. A single drop
may be generated, or a
group of drops at arbi-
trary intervals of time.
Thus the droplets are
created “on demand.”
Demand mode drop-
lets are usually the
same diameter as the
orifice diameter. Drop
diameters of 15-100µm (2-500pl) can be achieved with
demand mode systems, at droplet generation rates of up to
30kHz. Demand mode ink-jet systems have no fluid
recirculation requirement, and as Figure 3 indicates, they are
conceptually less complex than continuous mode systems. On
the other hand, demand mode droplet generation requires the
transducer to deliver three or more orders of magnitude
greater energy to produce a droplet, compared to continuous
mode. Figure 4 shows a demand mode ink-jet device generat-
ing 60µm diameter drops of butyl carbitol (an organic
solvent) from a 50µm orifice at 4,000 per second. 

APPLICATIONS
Electrical Interconnect
Solders suitable for electrical interconnects have been
dispensed using piezoelectric demand mode ink-jet technol-
ogy [10,11]. Operating characteristics achieved for jetting of
solders include: formation of spheres with diameters of 20-
125µm; drop formation rates (on-
demand) up to 1,000 per second;
deposition onto pads at up to 600
per second; and operating tempera-
tures to 250EC. Operation to 320EC
has been demonstrated for short
time periods (a day) and to 370EC
for brief durations (an hour). The
solder dispensed has been primarily
eutectic tin-lead, 63% Sn  37% Pb.
Recently the 96.5% Sn  3% Ag
0.5% Cu no-lead has been quali-
fied. A number of other solders
have been evaluated, including
high lead, 95% Pb 5% Sn; another
no-lead, 96.5% Sn 3.5% Ag; in-
dium; 52% In  48% Sn, and low
temperature bismuth solders. Ex-
cept for the indium solders, jetting
performance of these solders was
also acceptable.



Figure 8: Integrated circuit con-
taining signal conditioning elec-
tronics for read-write head of a
hard disk drive. IC attached to
flex circuit by Solder Jet® tech-
nology by placing a solder ball
in an inside corner. Pads are
100µm.

Figure 9: Array of four
VCSEL lasers with 80µm
solder ball for electrical in-
terconnect printed into inside
corner using Solder Jet®
technology.

Figure 11: Embedded conductive polymer resistors
printed using ink-jet technology, resistivity <200Ù/sq.
Length of resistors ~1mm. Left, 100mm square test
panel. Bottom, enlarged view.

Figure 5: 100µm solder bumps
ink-jet printed onto 100µm pads
on 250µm centers at 400 per
second.

Figure 6: 25µm bumps of solder
on 35µm centers and 25µm tow-
ers printed on 50µm centers. 

Figure 5 shows results
from printing solder onto
an 18 by 18 array of pads
on a test vehicle, where
the pads are 100µm diam-
eter and on 250µm cen-
ters. The deposited solder
volume is equivalent to a
drop diameter of 100µm.
The resolution obtainable
with ink-jet based deposi-
tion of solders is illus-
trated in Figure 6, where
both bumps and towers of
solder have been deposited
with 25µm feature size
and at pitches as small as
35µm. Recent results with
no-lead solder is shown in
Figure 7: 70µm balls of
96.5% Sn  3% Ag 0.5%
Cu printed onto pads at
150µm pitch.

A high level of integration
of multiple functions,
whether or not one uses
the MEMS label to de-
scribe them, can lead to
electrical interconnect re-
quirements that are very
difficult to address by con-
ventional means. One ex-
ample is the read-write
head assembly in hard
disk drives. Location of
the conditioning electron-
ics as close as possible to
the ferrite read-write ele-
ment allows for increased
speed and density. How-
ever, a three-dimension
electrical interconnect is
required in that a solder
ball must be placed in the
inside corner formed by
the conditioning electron-
ics integrated circuit and
the flex circuit that con-
nects to the ferrite read-
write element Figure 8.

Electrical interconnect for
photonic components in
an integrated assembly is
another area that has

three-dimensional assembly
requirements. The most popu-
lar solid state lasers used to-
day are vertical cavity surface
lasers (VCSELs) where the
emitter and electrical inter-
connect pads are located very
close to each other on the top
surface of a gallium arsenide
wafer. To increase the capac-
ity of data transmission de-
vices, VCSELs are used in
arrays. To avoid using wire
bonding to electrically inter-
connect a line array of
VSCELs, which is undesir-
able for reasons of reliability,
size, and ease of integration,
an inside corner three-dimen-
sional interconnect similar to
the disk drive read-write head
example above may be em-
ployed. Figure 9 shows a
VCSEL line array with four
emitters electrically connected
to a circuit board by an 80µm
solder ball that has been
printed into the inside corner
using Solder Jet® technology.
To perform this operation,
MEMS-based tools can be
utilized, as shown in Figure
10.

Embedded Passives
Direct-write of electrical
passives (conductors, resis-
tors, capacitors, inductors,
antennae, and batteries) is being developed for consumer and
other electronics applications, including conformal antennae
and batteries. Ink-jet is one process being evaluated for these
applications.

Figure 7:  70µm balls of 96.5%
Sn  3% Ag 0.5% Cu printed onto
pads at 150µm pitch.

Figure 10: Top, metallic
clampers for positioning and
metal pads for electrical con-
nections; bottom lensed
VCSEL die positioned by
clamper & bumped using
Solder Jet® technology.
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