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Heterogeneous: It's More Than Just

Integration - It's Assembly, Too

Richard Otte
President and CEO
Promex Industries, Inc.

THE INCREASED FUNCTIONALITY
of today’s devices is mind boggling.
They go well beyond utilizing just
electronics. Optical devices analyze
chemicals, toxins, and biologic speci-
mens. Semiconductor devices control
and switch kilowatts of power. MEMS
devices utilize inertial methods to deter-
mine motion, direct light and move com-
ponents short distances. RF devices com-
municate wirelessly to other devices over
the Internet. Even small acoustic devices
like speakers and microphones that pro-
cess sound are now used to gather and
produce it. Devices go on and on, limited
only by vision and technical cleverness
to implement the visions.

To achieve this increased device
functionality, a broad variety of dispa-
rate components must be combined. The
challenges of this combining process
—a.k.a. heterogeneous integration — are
well known. However, increasing func-
tionality also usually requires combin-
ing devices with integrated electronics
to process and analyze data gathered
by sensors, drive components that send
information to users or other devices,
store data and instructions, and more.
Combining these disparate components
with electronics requires an additional
sophisticated process called heteroge-
neous assembly. Although it is not as
widely discussed as heterogenous inte-
gration, it comes with just as many, if not
more, challenges.

Heterogeneous Assembly Challenges
While mechanical assembly meth-
ods utilizing clips, screws, snaps, etc.
are sometimes used for multifunctional
devices, electronic methods (soldering,
thermosonic metal-to-metal bonding,
thermally and UV cured epoxies, acry-
lates and other organics, etc.) are more
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advantageous. These methods take up a
minimum of space, are compatible with
most of the new heterogeneous compo-
nents, have low costs, are well devel-
oped, widely understood and readily
available.

Although heterogeneous
assembly is not as widely
discussed as heterogenous
integration, it comes with
just as many, if not more,
challenges.

While electronic assembly is a good
starting point, the specific and unique
features of heterogeneous integrated
devices often require improvements and
modifications to the process such as:

* Reducing the temperature that compo-
nents are exposed to during the assem-
bly below the typical electronic range
of 240°C to lower temperatures, some-
times as low as 40°C. This severely
limits the number of electronic pro-
cesses and materials and sometimes
requires the development of new mate
rials, joining methods and equipment.

* Locating parts, such as optical fibers
to lasers, with submicron accuracy and
maintaining that location throughout
the operating life of the device.

¢ Sealing interfaces to prevent liquids
from leaking because the volume for

analysis is small, or the liquid is po-
tentially harmful to the device, user or
the environment.

* Modifying equipment, fixtures and
processes to build the product eco-
nomically when the number of units to
be built is small compared to the typi-
cal run quantity for electronic devices.

* Providing information systems to
track, monitor, gather, store and report
all of the information that highly func-
tional devices require and produce.

» Building an assembly operation cap-
able of running the increased number
of processes often encountered when
the number and variety of added com-
ponents, along with their unique as-
sembly process requirements, are add-
ed to conventional electronic methods.

¢ Unusual electrical requirements such
as very high currents (hundreds of
amps), very low currents (picoamps),
very low voltages, or extreme elec-
tronic and noise minimization.

Table 1 lists some of the applications
enabled with heterogeneous integration
as well as their adoption status. Simply
said, there is a lot of room for broader
use.

Four Factors Affecting Heterogenous
Packaging and Assembly

As with most products, good perfor-
mance and low cost starts with and is
dominated by good design. Heteroge-
neous integration makes the design func-
tion much more complex than is typical
for electronic products because many
parameters can impact performance.
Additional design issues include:
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Figure 3 illustrates how the subassembly

Specialized Parts is often used as a platform on which die,

* which are often custom, are attached and
connected.
. To build the final device, that subas-
SMT Assembly Wafer ProF S Specialized Part sembly is then processed further with the
e — PhicuchiB otk — Placement & Attach addition of specialized parts using the
SMT Process & Wire Bond Flow (See Table 2) ' O Sp ,113 ) gt
(See Figure 2) (See Figure 3) appropriate processes. Table 2 provides

examples of the unique assembly issues

and solutions for a variety of special
Figure 1. Overall Heterogeneous Assembly Process

components.

In addition to the highly specialized
geneous assembly of a single device or process are shown in Figure 2, Figure 3 processes in Table 2, more common
product — sometimes even more. and Table 2. Assembly often starts with packaging methods can also be utilized

Figure 1 illustrates the overall hetero- the conventional SMT process (Figure for heterogeneous devices, including:
geneous assembly process. Details of that 2) that results in an SMT subassembly. * Die stacking with and without spacers
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Multimode Optical Fiber

Single Mode Optical Fiber(s)
Megapixel Image Sensor
Temperature Sensitive Die
Fluid Channel

Glass Lid

Indium Phosphide Die

Alignment to +/- 5.0 microns

Alignment to +/-0.5 microns
Minimizing dust particles
Need low-temp processes
Sealing against leaks

Hard for vision systems to see

Fragile die sensitive to the
environment

Good fiducials, high accuracy equipment, good
joint design.

High-accuracy parts, joints designed to self-align.
Cleanroom Assembly

Low-temp joining processes

Well-designed joint and joining methods

Careful selection of equipment optics and lighting

Careful handling and sealing to prevent exposure
to fluids and gases

Table 2. Unique Assembly Issues and Solutions

« Flip chip

e 2.5 D integration utilizing Silicon
interposer

» 3.0 D integration using through-silicon
vias

* System in Package (SIP) utilizing mul-
tiple interconnected die and parts

While the assembly steps and pack-
aging methods shown in Figures 2 and 3
are a good starting point, heterogeneous
integration often requires combining
these conventional processes with spe-
cialized processes specific to the device.
For example, while most electronic prod-
ucts are built on printed circuit boards,
many heterogeneously integrated devices
are physically small and thus must utilize
an equally small circuit board or other
type of substrate. Substrate types include
thick film ceramics, thin film ceramics,
silicon, glass, or flex circuits. Some of
these are panelized, while others are
provided as individual parts. Because
processing multiple devices in parallel is
a good way to reduce cost, substrates that
are not panelized can often be placed in
fixtures that not only enable parallel pro-
cessing, but also minimize handling, or
enable mechanizing of handling, and thus
minimize damage during processing.

Summary

The global MEMS market is expected
to reach an estimated $26.8 billion by
2022. Applications include the develop-
ment and increased use of smart phones

meptec.org

and portable electronics, IoT devices,
RADAR/LIDAR, medical/biotech devic-
es with optical, chemical, RF and liquid
functionality, and electronic devices with
increased interaction with the environ-
ment.

These new products combine mul-
tiple technologies with semiconductor
technologies in a cost-effective way, ide-
ally using a rapid process development
cycle to minimize time to market thus
enhancing market share and profitability.
Combining the technologies requires
improved design methods and software,
more material properties, specialized
manufacturing processes and longer sup-
ply chains.

Despite the challenges, expect to see
a greater number of products incorpo-
rating this philosophy due to the func-

tionality that results from combining

the data gathering, analysis, storage and

communication capability of electronics

with additional components that interact
with the user and environment to gather

information of all sorts and provide use-
ful, often critical information back to the
user.

Although there are still hurdles that
must be overcome to cost effectively
build robust devices using heterogenous
assembly, experienced microelectronics
assembly specialists such as Promex are
putting all of their resources into over-
coming those challenges.

For more information, contact Direc-
tor of Sales and Marketing Rosie Medina
at 408-496-0222 or visit the Promex
website at www.promex-ind.com. @

Richard Otte, President & CEO Promex Industries, Inc., has more than 50 years of
technical and executive electronics manufacturing experience. Named
CEOQ of Promex Industries Inc. in 1995, he provides the vision and leader-
ship that result in unique engineering solutions for which Promex is well
known. Dick’s business acumen, as demonstrated by the acquisition of
Quik-Pak in 2014, has ensured Promex continues its history of profit-
ability and steady growth. In addition to being a member of IEEE, IMAPS
and OSA, Dick is involved in numerous industry roadmap activities with
iNEMI, the IRDS Outside System Connectivity Subcommittee, the MIT
Microphotonics Center Communications Technology Roadmap and the AIM Integrated Pho-
tonic Systems Roadmap (IPSR) where he chairs the Assembly Technical Working Group.
Previously, he was general manager of Kaptron, president of Advanced Packaging Systems,
and held executive and engineering positions at Raychem. Dick earned his MBA at Harvard
University and BSEE and MSEE degrees from MIT.
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