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Many of today’s embedded systems rely on sophisticated
software running on an 80486 or Pentium processor. Even
when simpler microcontrollers can do the job, PC-compatible
computers are often chosen because they can implement
features which make a product stand out in the marketplace. In
addition, choosing a 486 or Pentium platform accelerates
software development and shortens time-to-market by letting
designers take advantage of the enormous software develop-
ment resources which are available for the world’s “main-
stream” computer architecture.

Designers who are considering embedding a PC in a product
usually have cost and space constraints which rule out
traditional “rack mount” solutions such as VME (or the more
recent successors such as CompactPCI). However, these same
designers often need some cost-effective way to expand a basic
PC system to include custom peripherals. This article focuses
on solutions which are basically standalone, but which
implement some variation of the PCI or ISA buses for expan-
sion purposes. These buses tend to be the most cost-effective,
since peripheral chips are produced for them in large volumes.

Designers with microcontroller experience might be inclined
to build the computer themselves. Those who intend to buy the
computer may be trying to decide between commercial PC
motherboards and the various single board computers
available from embedded computer companies.

oll your own?
At first glance, designing a computer appears
straightforward: place the ICs on a PC board and con-
nect them. So why not design your own 486 or

Pentium? In practice, this task is much more difficult than
designing with a microcontroller.

For one thing, computer speeds have drastically increased.
Pentium and 486 designs have many signals in the 40 to 100
MHz range, and require controlling signal skews to sub-nano-
second precision. A great deal of attention must be paid to
signal integrity and timing issues.

Specialized techniques must be employed if a design is to achieve
industrial-grade robustness and reliability in such critical areas
as:

■ high-speed circuit design
■ PCB layout
■ controlled-impedance routing

Pentium processors also require the computer board to supply
critical core operating voltages. As the processor’s current

requirements jump from essentially zero to many amperes,
onboard power supplies must be able to deliver:

■ tight DC tolerances
■ low noise
■ excellent transient response

Furthermore, this power quality must be maintained over a wide
range of environmental conditions and despite component dete-
rioration with aging. While boards with inadequate power sup-
plies may work for many hours at a time, they may also exhibit
occasional (and mysterious!) program execution glitches such as
General Protection Faults. These errors are often blamed on soft-
ware bugs, but actually result from momentary “out of spec”
power supply excursions.

Modern 486 and Pentium designs are based on complex “core
logic” chipsets. These chipsets compress much of the circuitry
that used to fill a large motherboard down to a few IC packages.
They may include a large number of programmable registers and
a variety of configuration options. A few bugs may also trap the
unwary, so it is essential for a designer to study the documenta-
tion carefully. Even an experienced engineer may spend several
months becoming completely familiar with a chipset’s operation
and the vendor’s design documentation and “errata” (bug lists).

A custom BIOS must be built to set up the core logic chipset and
the onboard peripherals. Establishing a relationship with a BIOS
vendor and rallying the necessary support for your design under
tight time constraints can pose challenges.

Why buy?
Buying an embedded computer from a reputable vendor frees
engineering resources to deal with the unique aspects of a project
that may be critical to its success, rather than concentrating on
computer design issues. Companies that design embedded com-
puters “for a living” have the benefit of the experience gained
from many previous designs and the support of many custom-
ers.  Therefore, they can quickly generate custom computer de-
signs and rapidly update products as new chipsets are introduced.
They can insulate their customers from technology obsolescence
by providing a stable “board level” solution, even as the under-
lying chipsets and processors continue to evolve. Finally, econo-
mies of scale frequently allow these companies to offer solutions
at a total cost competitive to “build your own.”

These factors have caused many companies to decide to buy a
computer from an outside vendor rather than developing it in-
ternally. Consequently, a significant market in single board com-
puters has developed.

Since computer boards come in all flavors today, the process of
narrowing down the choices can be overwhelming. In fact, so
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many options are available within today’s market, that choos-
ing the best solution may seem more daunting than tackling the
design from scratch! The focus in this article is to provide
greater clarity to those who are faced with the decision between
commercial motherboards and the varieties of single board com-
puters that are often used in standalone embedded PC applica-
tions.

Commercial-off-the-shelf motherboards
You might consider an off-the-shelf motherboard if your system
has sufficient room. This is often the least expensive solution,
since these motherboards are produced in high volume for the
consumer market. A system can be easily and inexpensively built
by plugging consumer PCI and ISA cards into the slots on the
motherboard.

Despite the attractive pricing, this approach has its drawbacks for
embedded applications. A given model of motherboard is typi-
cally in production for no more than three to six months. This
time lag can cause havoc for purchasing, receiving, and QC
departments. It may also create a constantly changing environ-
ment for applications software. If a continuous supply of the same
product is required, the consumer market does not offer the best
solution.

Because the consumer motherboard market is brutally price-sen-
sitive, vendors must use low-cost components. PC motherboards
usually have only four to six layers, necessitating some compro-
mises in signal quality.  Critical connectors often have only tin
or “flash” (cosmetic) gold plating.  Inexpensive aluminum elec-
trolytic capacitors – which have rated lifetimes of only one or
two thousand hours at high temperature – are frequently used in
power supplies. Although consumer motherboards give satisfac-
tory service in PCs (particularly under intermittent use), these
quality issues may lead to unsatisfactory reliability or early fail-
ure in an embedded environment.

The other major disadvantage of the PC motherboard is the lack
of high integration. Some peripherals may need to be added as
plug-in cards, for example:

■ video ■ network ■ SCSI

These add-ons use card-edge connectors which have poor me-
chanical reliability, especially in environments subject to shock
and vibration. Because they are plugged in vertically, they in-
crease the volume occupied by the solution and add expense in
the packaging required to support the plug-in cards.

Single board computers
The shortcomings of commercial motherboards for embedded
use led to the emergence of single board computers (SBCs) based
on 486 and Pentium processors. While these SBCs are software-
compatible with their desktop brethren, they also provide the
compactness, quality, and long-term reliability necessary for the
embedded market.

At the very least, single board computers typically include:

■ a processor
■ DRAM memory
■ hard disk interface
■ floppy disk controller
■ serial ports
■ parallel ports
■ keyboard controller

In 1993, Adastra Systems was among the first in the industry to
offer a highly integrated 80486 SBC. In addition to the basic fea-

tures already listed, its compact 5.75” x 8.00” form factor inte-
grated:

■ solid state disk
■ Ethernet network controller
■ flat-panel capable VGA controller
■ watchdog timer

Today, you can find a full Pentium system with all of these
peripherals and SCSI-3 in the same form factor.

Peripheral functions on SBCs from different manufacturers may
vary widely in features and quality. High-end boards such as the
Adastra VNS-686 (shown in Figure 1) typically contain
10/100BaseT Ethernet, Fast-Wide SCSI, and Flat-Panel VGA
functions. On the VNS-686, these functions are implemented
using widely-supported peripheral chips from well-known manu-
facturers.

A quick bus tour
SBCs are typically segmented by the mechanical and electrical
characteristics of their expansion bus. Here, we will consider SBCs
which use ISA edge card, PCI edge card (PICMG), PC/104 or PC/
104-Plus expansion buses. The expansion bus connection allows
the user to extend the capabilities of the basic SBC by adding
additional cards or modules that implement additional functions.

Industry standards have been developed for each of these buses,
defining such key elements as:

■ electrical and characteristics of the bus
■ locations, types and pinouts of connectors
■ mechanical form factor and mounting arrangement

Several of these buses share similar electrical interfaces. For
example, PCI edge card and PC/104-Plus are both compliant to
the electrical specifications of Intel’s Peripheral Connect Inter-
face (PCI) standard. The difference between these PCI flavors
is primarily mechanical.

SBCs that use PCI edge card and ISA edge card expansion
buses plug into the same type of connectors that are featured
on a standard PC motherboard. These connectors are on a
passive backplane, which connects the signals to a number
of slots for standard desktop ISA and PCI peripheral cards.

This arrangement is not only easier to service than a stan-
dard PC motherboard, but it also opens the door for standard,
inexpensive desktop peripheral cards.

SBCs from reputable vendors rely on high-quality compo-
nents and should hold up well over time. However, the bulky
form factor resulting from the vertical expansion slots, as
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well as questions of edge-connector reliability, tend to make this
approach best suited to relatively benign environments.

PC/104-Plus is a PCI implementation on a stackable board with
a form factor of 3.55” x 3.775”. PC/104-Plus boards also include
PC/104 connectors, which implement the ISA bus.

PC/104 and PC/104-Plus boards can be used in two distinct ways.
For systems that require a small footprint, the modules can sim-
ply be stacked together. However, the small board area tends to
limit the number of functions that can be packed on each board.
Thus, a complex PC/104 or PC/104-Plus system tends to be
“cubic” in shape because of the many small boards that are
stacked together.

For some applications, this approach is not suitable. The “stack-
ing” solution can sometimes be mechanically difficult to service
as well, leaving many of the boards inaccessible unless the stack
is disassembled.

As a viable alternative, PC/104 and PC/104-Plus modules can
be used as an expansion bus on a highly integrated SBC.
Adastra’s SBCs, for example, are standalone systems that
contain most standard computer functions. A PC/104 or PC/104-
Plus site is provided in one section of the board to allow adding
application specific peripherals.

A single PC/104 board can be added while maintaining the ba-
sic SBC form factor of roughly eight by six by one inch, while
additional boards add less than an inch in height each. For many
applications, these lower profiles are a better fit than a tall PC/
104 “stack.”

SBC vendors can take advantage of proprietary form factors to
provide especially compact packaging for peripheral functions.
The DVA-104A+ module from Adastra (shown in Figure 2) fits
on the company’s VNS series SBCs, allowing the implementa-
tion of both video capture and audio functions in the height of a
single PC104 module. The DVA-104A+ also provides an indus-
try-standard PC/104-Plus site for further system expansion.

Selecting a vendor
Once a designer has selected a basic SBC form factor and con-
sidered its expansion options, the next step would be a compari-
son of products from various vendors. On the surface, single
board computers appear to be very similar – at least within the
general categories of 486 or Pentium. However, a closer look
reveals very important differences in features and quality.

A common error in the decision process is to focus on the cost
of the product to the exclusion of other factors. This can be a

shortsighted view. While the initial cost of the SBC may be a
small portion of the total cost of the system, other contributions
to total cost must be considered.

Most of the specialized embedded computer companies have
placed a higher priority on product reliability than on the lowest
possible price. Products which use embedded computers are
often expected to operate continuously in severe environments,
so SBC designers have specified high-quality parts and designed
circuits conservatively with the objective of obtaining a long
operating lifetime.

Printed circuit boards are designed with many more layers than
their consumer counterparts in order to preserve highest signal
integrity and to obtain the lowest noise. These design choices
result in a more robust product.

An issue of quality
Another important factor to be considered in the search for an
embedded computer supplier is the quality system (if any) that
the company has implemented. The most common quality stan-
dard used today that applies to manufacturers of computers is ISO
9000. A manufacturer that performs both design and manufac-
turing functions should be certified to the ISO 9001 standard, or
at least be operating a quality system that accomplishes the same
functions.

It’s true that ISO 9001 certification, in and of itself, does not
guarantee that a product will enjoy long life or anexceptional
level of performance. What it does provide is a confirmation of
product consistency. While some companies focus on offering
the lowest cost, Adastra has chosen to target high reliability and
high performance.

Achieving ISO 9001 certification requires a substantial invest-
ment in both dollars and personnel. Many smaller vendors do not
have the personnel or the resources to create a quality system that
can satisfy an ISO 9000 certification body. These vendors may
not be able to provide the level of quality, process control, or
documentation that many large companies require.

As part of their quality programs, reputable vendors also per-
form complete testing and quality assurance procedures on
every unit, not just on a statistical sample. Adastra, for ex-
ample, retests  every unit after a burn-in period at elevated
temperature, and runs a full set of operational diagnostics on
each unit before shipment.

Recently, some of the high-volume offshore manufacturers of
consumer motherboards have entered the embedded computer
market. These SBCs appear to be designed with the same cost-
cutting techniques as low-cost consumer motherboards, such as
few PCB layers and inexpensive power supply components. In
most cases, production units are not individually tested after
burn-in.

When these practices lead to an increased incidence of field fail-
ures, the consequences of these failures must be considered as
part of the total cost of these SBCs. In some applications, the
expenses that result from a field failure might be many times
more costly than the price of the SBC itself.

It is also important to select an embedded computer company
that is willing and able to offer ongoing support for its products.
On a day-to-day basis, support issues continually arise for the
system designer. He or she must be able to contact a responsive
and reliable support group that will help resolve these issues,
regardless of whether or not the problems are directly the “fault”
of the SBC.

Figure 2
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Beyond building blocks
Although off-the-shelf SBCs are a good fit for many applications,
designers with unique packaging or environmental requirements
often need custom design solutions.

Some embedded computer vendors have developed capabilities
for rapidly customizing computer designs to fit unique customer
requirements. Adastra, for example, has worked with a number
of customers to produce single-board solutions for specific in-
dustrial, medical and in-flight entertainment applications. These
designs can be cost-effective in even moderate production vol-
umes because they can lower overall system costs.

Custom designs are able to achieve a number of desirable ends,
such as:

■ simplification of packaging
■ reduction in the cost of cabling
■ incorporation of analog functions that previously required

additional PCB assemblies

Vendors vary widely in their ability and willingness to implement
custom designs. To effectively integrate system solutions which
include more than just the computer, an SBC vendor must have
an experienced engineering staff with extensive background in the
design of a wide variety of analog and digital electronic systems.

Some vendors can also help designers develop a “roadmap” for
a product’s evolution as production volumes increase. For
prototyping and low-volume production, many designs can use
standard SBCs and standard PC/104 and PC/104-Plus expansion
modules. As volumes ramp up, a vendor might propose various
options for optimizing system cost.

One option might combine a custom “build” of a standard SBC
(which reduces cost by omitting unneeded features) with a cus-
tom PC/104 module which integrates all the functions previously
implemented by several standard modules. As volumes increase
even further, it might be appropriate to consider a fully custom
design. An experienced SBC vendor can help a designer decide
when (and if) each of these options makes sense.
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