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¢ parts cost of what is being integrated,
. there is an overall savings because of
- these “hidden” costs.

In some cases, integration enables a

function or form factor that is not at- :
. tainable with discrete catalog parts. A :
- product can be manufactured in a very

. small form factor if many parts are inte-

f you are a designer or manu- .
Ifacturer of consumer electron- |
ics products, no doubt there |
have been times when you could not
find the exact semiconductor compo-
nents your design needed. After all,
electronic equipment design is a se-
ries of compromises, including select- :
ing “catalog” parts available off-the-
shelf that best match the requirements :
to implement your design. Sometimes
you just need to use what you can get.
However, in some cases, it makes
sense to follow a different path—de- :
velop your own fully custom integrated
circuit (IC). :

grated into one tiny IC.

Within reason, almost any type of cir-
cuitry can be integrated. For example,
a microcontroller, operational amplifiers

- (op amps), comparators, discrete bipolar

junction transistor (BJT) and metal ox-

.~ ide semiconductor (MOS) devices, power

supply circuits, motor drivers, and digi-

¢ tal logic all can be put onto one device.

INTELLECTUAL PROPERTY

 In the competitive world of consumer

electronics, it is very common for the

premier consumer electronics manufac-
turers to find that low-cost competi-
. tors have copied their products. Usually :

. these competitors do not have sophis-

WHY BUILD A CUSTOM IC?
There is no doubt that developing a
custom IC is not an easy or inexpen-
sive task. Nevertheless, there are sev-
eral reasons many consumer electronics
manufacturers find that the benefits
outweigh the cost in some cases. Here
are a few reasons:

- ticated engineering expertise. Instead,
they rely on reverse-engineering other
companies’ products and replicating :
. them.

Manufacturers sometimes remove IC

- part numbers from packages or encapsu-
. late assemblies to make it more difficult :
. to decode the design. Unfortunately,

- even this effort usually fails and pro-

INTEGRATION
One of the most common reasons manu- '
facturers pursue a custom IC develop- :
ment is to integrate several off-the-shelf :
devices or functions into one device. In-
tegration of this type generally can
result in a physically smaller device
(as compared to several discrete
parts) as well as an overall cost
savings.

When considering the costs and
benefits of integrating several parts
into one, you need to factor in not
just the costs of the parts that you
are integrating, but also the “hid-
den” costs. For example, the cost
of inserting more components into
the printed circuit board (PCB), the
increased failure rate from a higher
parts count, component inventory
costs, and increased PCB area. Of-
ten, even if the component cost of
a custom solution is equal to the

. prietary circuitry still winds up in com-

petitors’ products.

If your circuitry—your intellectual .
property—is embedded inside a custom
¢ IC, it becomes very difficult to reverse-

FIGURE 1: An IC dieshowing integration of a
number of analog, digital, and power functions.

engineer. Even if your IC is de-capsulat-
ed and de-processed, it is an enormous
- effort to try to decipher detailed circuit
information. Even if your competitors
have the expertise, it is not worth the
effort for them to try this.

Because a custom IC is yours—you
control who can buy it—using one is an
- effective way to “lock up” your intellec-
: tual property (IP) so that it cannot show
. up in your competitor’s products.

CUSTOMIZED PACKAGING

. When an IC company defines a standard
catalog part, it usually packages it in the
least expensive IC package acceptable
to the majority of its potential custom-
i ers. Often, this package is larger than
. what you would really like or sometimes
requires manufacturing processes you
would prefer not to use.

With a custom IC, you make the de-
cisions and choose the package—and
often even the pinout—that optimizes
your design and manufacturing flow.

It is also possible to package two or
more ICs together inside one package.
This type of integration, usually called
a multi-chip module (MCM), can take
advantage of optimal IC processes for
different functions. For example, you
can use a high-density digital process
¢ to produce a digital ASIC. Packaged to-
gether with a power IC fabricated in a
high-voltage power process, this inte-
- gration provides a lower total cost than
if both functions were implemented as
one piece of silicon and a packaged solu-
- tion that is smaller than two separately
packaged chips.

IMPROVED LOGISTICS
By designing with catalog ICs, an
equipment manufacturer is, in some
sense, competing for a shared sup-
ply of the ICs with other users. If a
shortage occurs, either because of
unforeseen demand or because of
problems in the IC manufacturing
process, available parts are allocat-
ed among the customers. This can
cause manufacturing delays that
limit shipments of your equipment
and ultimately loss of income.

With a custom IC, you—the
equipment manufacturer—are in
control of the IC manufacturing and
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shipment schedule. The IC manufactur-
er works as a partner, as part of your
manufacturing flow, to deliver what you
need, when you need it.

THE CUSTOM IC DEVELOPMENT
PROCESS
The process of developing a custom IC

can proceed in several different ways. It
- meet your technical requirements,

depends on how much of the engineer-
ing effort you choose to undertake and
how much you want a design house or
the IC manufacturer to do.

At one end of the spectrum, you
can do all the IC design work, and the

IC manufacturer will provide only the
manufacturing of the IC. This method,
often called “customer-owned tooling”
(COT), requires that you have IC design
expertise and the appropriate CAE/CAD
tools in-house. Although the tools and
expertise can be very expensive, com-
panies that do many custom IC designs
sometimes find this to be the best op-

over their IC design.
At the other end of the spectrum, a
semiconductor manufacturer can ex-

ecute the entire process from specifi-
cation development and chip design

through manufacturing. In this model,
engineers from the chip manufacturer
meet with you to understand your re-

quirements and develop a specification
for the custom IC. Once the specification :

is agreed upon (usually similar to a cata-
log part datasheet), IC designers begin
the process of designing the circuitry.

The execution of most design pro-
grams falls somewhere in between
these extremes. Often, the equip-
ment manufacturer will develop
a specification and provide it as a
starting point for the IC manufac-
turer. The bottom line is that you
can do as little or as much of the
process as you want.

Often, a chip manufacturer has
existing silicon IP blocks that can
be leveraged for your design. For
example, if your custom IC needs a
linear voltage requlator, it is likely
that there is a library of several
preexisting designs to choose from
that would meet the requirements
of your design. This re-use decreas-
es design time and risk because cir-
cuits that have been used in other

IC designs have already been built and
characterized.
The design process is typically very

. interactive. Design tradeoffs—often
. issues of performance versus cost—

are made with your involvement.
Design reviews are held at multiple
times during the development process
to ensure that the design really does

while still being as cost-effective as
possible.

CHOOSING A CUSTOM IC
DEVELOPMENT PARTNER
You have many choices when selecting a
partner to provide a custom IC solution.
There are small design houses that do

- just the chip design, and leave it to you
. to source the fabrication of your part.

There are also full-service semiconduc-
tor companies, such as Texas Instru-
ments, that design and manufacture ICs

 entirely in-house. Working with a com-
tion because it gives them full control :

pany such as TI, which operates its own
wafer manufacturing, helps facilitate a
smooth transition to mass production
without “finger-pointing.”

Often the best place to start is to
talk with a company that already makes
catalog parts with similar functionality
to what you are trying to integrate. For
example, if you want to build a custom
audio part, contact companies that have
a comprehensive existing audio product
offering to discuss your requirements.
This way you have access to the exper-
tise and silicon IP that the company has

¢ already built in that area.
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FIGURE 2: Two separate ICs die mounted into one
package.

DEVELOPMENT COSTS AND SCHEDULE
The cost and amount of time it takes to
develop a custom IC varies dramatically
depending on the complexity of the de-
vice. Even a simple full-custom analog IC
development can be more than a million
dollars. This level of investment makes
a custom IC practical only if production
volumes (and consequently cost sav-
ings) are high, which is often the case
for consumer products.

Development expenses include the
engineering effort to design the chip,
as well as fixed costs incurred to start
wafer production, chip testing, and
packaging. Usually these payments are
called “non-recurring engineering,” or
NRE payments.

Depending on the nature of the busi-
ness, IC manufacturers may require full
or partial payment for development ex-
penses at various times during the de-
velopment program. Every program is
different and is evaluated based on the
individual business case for each cus-
tom part.

Development time depends on the
complexity of the design and the
amount of IP re-use that the IC manu-
facturer can do. For a simple design that
uses mostly existing IP, or for modifica-
tion of an existing chip, first samples
can sometimes be delivered as soon as
four months from the time the design
effort begins, and mass production can
start two or three months later. A com-
plex design that requires several silicon
manufacturing passes easily can take
over a year to complete.

CONCLUSION

Obviously, undertaking a custom IC
development takes a considerable
commitment, both on your part
and on the part of the partners you
choose. Nevertheless, in many cases
it can be the best option for your
consumer electronic equipment de-
sign. M3
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