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Embedded singleboard computers 

with extended functionalities
By Flemming Christensen, PC/104 Consortium  

This article reviews singleboard 
computers (SBCs) in various formfac-
tors that can have their functionality 

expanded by installing extension 
modules. It is particularly concerned 
with the possibility of expanding the 

system with new I/O interfaces or 
brand new functions that were not 

initially integrated into SBCs.

�n The term singleboard computer implies 
a module, including components, built on a 
single printed circuit board, with all the nec-
essary functionality to be called a computer. 
For this purpose, it should be capable of exe-
cuting application programs and possess the 
means of human-machine interface. The 
larger the printed circuit board is, the more 
components it can have installed, making 
the single board computer more functional. 
In terms of speed, functionality and number 
of interfaces available, modern SBCs are far 
more advanced than the entire computer sys-
tems manufactured 25 years ago. Well, that’s 
the way it should be, and Moore’s Law is 
still relevant. It is possible that in another 25 
years SBCs will be able to replace some server 
racks of current data centers. But what stays 
common and what is inherited? A confi dent 
answer can be given to this question – the 
system design principle remains unchanged. 
Despite signifi cant technical differences, the 
foundation for building any computing sys-
tem or module is based on a common princi-
ple – interconnection via common interfaces 
or extension buses, various components and 
units, each fulfi lling its own function.

At a given point of computing technology 
development, certain interfaces and extension 
buses got widespread use. In the age of main-
frames, almost all peripheral devices had their 

own control consoles, often connected with a 
CPU just using an 8-bit interface bus,  physi-
cally represented by a set of arm-thick multi-
meter cables. Introduction of minicomputers 
enabled to increase the width of a common 
bus and reduce its length, since all these elec-
tronic components fi tted in a single rack or 
several racks alongside. Then, there were bus 
and modular systems where a common bus 
was implemented as a passive backplane and 
CPU and peripheral modules were standard-
ized in terms of their size and the ways they 
were combined into a unifi ed formfactor. The 
increase in the hardware components integra-
tion level enabled IBM to use a CPU board as 
a motherboard simultaneously.

With the introduction of microprocessors, the 
technology of interfaces and extension buses 
usually followed the innovations of micro-
processor manufacturers. First, those were 8-, 
16-, 32-, and even 64-bit parallel buses, such 
as ISA and PCI buses, then parallel buses were 
replaced with high-speed serial buses, and 
connection topology started to be changed 
from multi-user bus to the star type topology, 
with functional nodes connected with each 
other by separate interface lines using the 
point-to-point principle. Such a trend had an 
impact not only on general purpose interfaces, 
where PCI Express currently prevails, but also 
on special-purpose interfaces for peripheral 

devices (SATA, USB etc).

Despite the fact that modern motherboards 
can operate in the standalone mode, they 
are not called singleboard computers since 
their application supposes using extension 
boards anyway. In addition, since the term 
singleboard computer is generally used in 
the embedded systems market, they are also 
usually subject to additional requirements, 
appropriate for this type of market, such as 
the possibility to boot the operating system 
from an integrated fl ashdrive, a watchdog 
timer, the storage of setup parameters in the 
non-volatile ROM etc.

Notwithstanding that initial functionality 
of SBCs is often enough for a complete sys-
tem development, engineers equip them with 
additional extension possibilities. Why? The 
answer is simple: the product developed by 
one company is subsequently used by another. 
Of course, if an SBC is developed for a par-
ticular custom system, the developer can plan 
all the required functionalities on a single 
board in advance. However, those vendors 
who offer their solutions on the open market 
have no idea about the systems where their 
equipment will be used. They cannot cover all 
possible requirements within a single board, 
neither because of the board size limitations, 
nor pricewise: not everyone is ready to pay 

Figure 1. EBX form-factor with 
PCIe/104 Expansion connector 
and integrated MiniPCIe for I/O 
expansion
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for functions they may not need. This is why 
vendors do their best to offer a well-balanced 
set of functions and interfaces aimed at a spe-
cifi c application area and also limited exten-
sion possibilities. It should be also noted that 
the interface possibilities of the chipsets used 
often go beyond the scope of routing these 
interfaces through general-purpose connec-
tors, due to the board size limitations, and in 
such cases it can be necessary to ensure a stan-
dard method of using these extra interfaces by 
means of so-named bareboards.

There are three common methods of extend-
ing functionalities of singleboard computers, 
by riser cards, by extension slots and modules, 
and by means of stack systems.

1) Riser cards.If current is supplied to any
modular CPU board (e.g. Compact PCI),
such a board becomes in fact a singleboard
computer. In this case it can be extended by
relevant peripheral modules connected via
a riser card for one or two additional slots.
However this approach failed to get wide-
spread use mainly for pricing reasons. There
is a more common and cost-effective way
of using an edge connector with the single-
board computer, which implements the bus
of the personal computer in order to ensure
the extension possibility of its functionalities
with the help of standard extension boards for 
personal computers (fi gure 1). An advantage
of such an approach is a vast selection of inex-
pensive extension boards for personal com-
puters, using simple and price-oriented riser
cards that use standard connectors for PCI or
PCIe. On the other hand, using such systems
is limited by some applications due to their
insuffi cient resistance to mechanical impacts

and the  narrow operating temperature range 
of extension boards focused on the consumer 
market. In addition, the use of the regular 
extension boards means that the single board 
computer size itself is rather large (usually no 
less than MiniITX).

2) Mezzanine extension modules. Various
extension modules fi nd a rather wide appli-
cation with singleboard computers. They
can roughly be divided into proprietary and
standard solutions. When it comes to the pro-
prietary solutions, the connector type, list of
interfaces brought out to this connector and
its specifi c pin assignment are determined by
the vendor and are usually used in the ven-
dor’s own developments only. A good exam-
ple here is the MIO interface by Advantech.
There is a relatively large number of stan-
dards varieties for extension modules. Those
like PMC, XMC, FMC etc.are focused on the
Eurocard-based CompactPCI, VME, VPX and 
other standards, as well as on the basic size
of the 3U/4HP board. This results in a too-
low-profi le solution which virtually fails to
fi nd a proper use for the single board com-
puters. In practice, compact extension mod-
ules of the following types are more widely
used: Mini PCI, Mini PCI-e, mSATA, M2 etc.
Mini PCI-e format is well-known due to its
compactness, support of up-to-date inter-
faces and cost-effi cient connector, a technol-
ogy that has been tested with RAM extension
modules over a long period of time. By using
Mini PCI-e modules (fi gure 2), some manu-
facturers provide their SBCs with more than
one extension slot. On the other hand, the
compact size of such modules prohibits them
from implementing complex functions, or
placing large-size or high current consump-

Figure 2. The PCI Express Bus stack up/downwards and up to 10x boards is possible, without any 
buffers and running Gen 3 speed of 8GHz
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tion components on them. The interfaces to 
the outside world of these modules are usually 
pin header type small connectors, this is why 
integration of modules into the system usu-
ally requires special-purpose cable assemblies.

3) System stack extension.For the purpose
of stack extension, the SBC has a vertical
connector to which the extension module is
connected, that in return is equipped with a
similar connector on its upper part in such a
way that enables to place another extension
module on the top of it and so on. This means 
that unlike the option already described, the
stack extension technology makes it possi-
ble to place several extension modules above
the extension connector, rather than placing
a single module. This issue will be given par-
ticular consideration. The best known of the
stack extension systems is PC/104 standard,
more precisely the group of standards of the
PC/104 Consortium (from this point onward,
PC/104 will mean any module of 3.6”x3.8”
implemented in accordance with the require-
ments of any of the PC/104, PC/104-plus or
PCIe/104 standards). Evolution of the stan-
dard from ISA bus to PCI Express over almost 

25 years of its history, as well as its technical 
features, have been described many times.

The group of PC/104 standards describes 
three form factors of single board comput-
ers: PC/104, EBX, EPIC, and one PC/104 
form factor of extension modules. The differ-
ence is in the size of the printed circuit board 
and placement areas of interface connectors. 
Common is a stack connector for connecting 
the extension modules to the CPU board. It’s 
an interesting fact that PC/104 was initially 
offered by Ampro exactly as a form factor of 
extension modules enabled to extend EBX 
CPU modules’ functionality. However in this 
case they were called MiniModule (PC/104 
format prototype) and LittleBoard (EBX for-
mat prototype). Later there were PC/104 for-
mat CPU modules, which made it possible to 
build fully-fl edged embedded computing sys-
tems in the form of a stack of the boards hav-
ing the same formfactor. 

Similarly to standard motherboards, the sin-
gle board computers in EPIC and EBX for-
mats, as well as in other common formats 
(3,5”, MiniITXetc), usually have a certain set 

of interface connectors standard for the PC 
industry. Normally they are located on one 
of the board edges, while the PC/104 format 
due to its limited size enables to use only edge 
connectors for interface cables. This feature 
often determines the design of PC104-based 
systems. A stack of PC/104 modules where 
both CPU and extension modules are imple-
mented in 3.6”x3.8” format is mainly used for 
installation into a protected enclosure with 
cable output of interfaces to special-purpose 
connectors, located on the external side of 
this enclosure. That is how one may build 
compact-size computing systems for the 
IP65+ protection class. Purely stack system 
confi guration is usually created for a particu-
lar solution or even for a particular customer, 
however in this case you can choose the mod-
ules with the required functionality among 
the modules of various manufacturers that 
have already been put into production, and 
thus save some valuable time for system devel-
opment and testing.

Singleboard computers of the larger size, such 
as 3.5”, EBX, EPIC, MiniITXetc, can also be 
manufactured with output of interfaces to 
connectors of the pin header type for their 
allocation in sealed protected enclosures. 
Despite this fact they are increasingly used 
(e.g. in so called Box PCs) where there is no 
need for a high level of protection and where 
a far less expensive and mass standard enclo-
sure can be used, and the availability of PC-in-
dustry standard interface connectors does not 
require additional cables manufacturing.

In both cases, the choice of PC/104 as a way 
to extend the possibilities of singleboard com-
puters has proved itself to be quite a successful 
solution. The board simultaneously enables 
the use of other extenders, e.g. by way of the 
Mini PCI-e slot. The PC/104 modules size 
(neither too small nor too big) is suffi cient 
for rather complicated functionality imple-
mentation, and the possibility to use several 
extension modules having only one extension 
connector on the singleboard computer pro-
vides the system integrator with additional 
fl exibility during the system development 
process.

It should also be noted that compared to sin-
gle-storey mezzanine extension modules, the 
recent version of the PCIe/104 standard, sup-
porting the modern PCI Express interface, 
generally enables a more effi cient use of the 
available set of interfaces. E.g. Mini PCI-e or 
�2 standards make it possible to bring several 
interfaces (PCI-e, USB etc) to extension con-
nectors at once, however in this case if the 
extension module uses only one of these inter-
faces, the rest of the free interfaces remain 
unused and wasted. The PCIe/104 specifi ca-
tion solves this issue by a so-named line shift-

Figure 4. PCIe/104 Expansion boards can hold either 2 or 4 MiniPCIe cards for quick expansion of I/O

Figure 3. Industry form-factor 3.5” meets PCIe/104 expansion concept
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ing mechanism, when the extension module 
picks up only those interfaces which it will use 
and, at the same time, ensures the availability 
of all other interfaces for extension modules 
that are next to it. Figure 3 shows an exam-
ple where the first extension module uses 
one 1xPCIe line, and the second module uses 
one USB port. In this case, the third possible 
module can use all the rest of the unoccupied 
interfaces.

Development and marketing activities of the 
PC/104 standards arecarried out by the simi-
larly-named consortium founded in 1992. As 
for the developers of systems based on stack 
modules with extension bus, PC/104 provides 
them a wide selection of standard components 
from various manufacturers, which are com-
patible with each other. In fact, the advantage 
of using any standard extension method for 
single board computers means adding poten-
tial for modernization, time saving due to the 
use of standard functional modules proved in 
operation, and ensuring interchangeability of 
modules of various manufacturers.

Many of us remember that some years ago, 
PC/104 was widely used as a traditional way 
of single board computers functionality 
extension. However, PC/104 has currently 
given up its position in this field, for a wide 
range of reasons. First, ISA and PCI parallel 
buses are getting out of date, while the new 
PCIe/104 standard that supports modern 
interfaces turned out to be not particularly fit 
for extending functionalities of singleboard 
computers. Let’s try to analyze.

The PCIe/104 specification determines one-
bank or three-bank Q2 Samtec connector for 
extension. The one-bank version is a cost-ef-
ficient and compact-size extension using 4� 
lines of 1xPCI Express. However the number 
of such modules on the market is currently 
very limited, all the extension modules have 
the limited load-carrying capacities of power 
buses 3.3 and 5 volts. The highly desired func-
tion to output additional existing interfaces to 
the next levels using the bare board is not sup-
ported, extensions modules able to directly 
operate with other interfaces (e.g. SATA 
drives) are not supported either, capacities 
for high-performance singleboard comput-
ers and extension modules (e.g. graphics or 
fast-operating optics) are insufficient. Accord-
ing to the standard, there are two options of 
three-bank connector, named Type1 and 
Type2. Both types have a powerful 12 volt 
power supply bus and are distinguished by a 
set of interfaces in the second and third banks 
(their interfaces in the first bank are the same 
as with the single-bank option). Type1 addi-
tionally has 16 PCI Express lines and Type 2 
has 2x ports 4xPCI Express, LPC bus, 2 x USB 
and 2x SATA ports. 

For low-performance SBCs that do not have 
graphics 16xPCIe bus, the natural choice 
would be Type2. But as for the high-per-
formance singleboard computers, there is 
a problem. Usually the vendor has no idea 
about the application where his device will 
be used, but he will have to choose between 
Type1 and Type2. Simultaneous use of the 
both Type1 and Type2 is not supposed. Thus 
having chosen for example Type1, the vendor 
will ensure the possibility of extension by for 
example using high-speed graphics modules, 
however in this case it would be impossible to 
use the modules designed for Type2 interfaces, 
and vice versa. Developing two different ver-
sions of the same singleboard computer indi-
vidually for Type1 and Type2 would be too 
expensive. And neither version would be able 
to ensure simultaneous use of the Type1 and 
Type2 extension modules. 

If we consider Type2, which is more appropri-
ate for traditional embedded systems, it has its 
own disadvantages in terms of the well-bal-
anced set of interfaces. There is no Ethernet 
interface at all, which means that it would be 
impossible to use the Ethernet switch exten-
sion module. There are only two USB ports, 
which is of course insufficient for state-of-
the-art systems. At this point it makes sense 
to note the initiative called StackPC, which 
makes it possible to mainly solve the above 
issues. 

StackPCdetermines only one option of the 
main extension connector, which is fully com-
patible with PCIe/104 – one bank, consider-
ably compatible with PCIe/104 Type2. In this 
case, there will be 2x Gigabit Ethernet ports 
and 6x USB ports instead of two. In addition, 
there will also be an SPI interface, which can 
be used as the interface with low-speed mod-
ules of digital and/or analog I/O, as well as 
two general-purpose serial ports, which cand 
be directly used by extension modules with 
RS-232, RS-485 etc. The main StackPC con-
nector contains a well-balanced set of inter-
faces meeting the requirements for a general 
number of embedded systems. For high-per-
formance interfaces, there is an optional FPE 
connector (Fat Pipe Extension) where such 
interfaces as 16xPCIe, Display Port, 6xUSB 
3.0 are placed. Both main and optional con-
nectors can be used at the same time, which 
makes it possible for the system developer to 
jointly use low-speed and high-speed exten-
sion modules, andto have one single-board 
computer version for any type of applica-
tion. Figure 4 demonstrates an example of a 
singleboard computer corresponding to the 
StackPC specification. Technologies do not 
stand still, and we believe that soon we will 
see new interfaces, technologies and methods 
of extending single board computer function-
alities. n


